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A veling & Porter, Ltd., arrow & Co., Ltd.,| fohn ellamy, imited, oyles Limited i 

A wibcaoih saad. ¥. SHIPSUILD EES D BNGINHERS, J BS ee yee 8 sass tee > WATE HRA I . MARCRSE 


and 72, Cannon Street, London. 

STEAM ROLLERS. ROAD LOCOMOTIVES. 
. STBAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 

Acecsriaitom recite! MACHINERY. 6030 





A Pee Meniord, L@- 


CULVER STREET WORKS, COLCHESTER, 
Ow ADMIRALTY aND Wak OrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 31. 


PATENT WATER-TUBE BOILERS 
AUTOMATIC FEBD REGULATOKS, 
And Auxiliary Machinery as supplied to -. 


Admiralty. 2179 


Stencils, 





Stencil Ink, all Colours, in Stock. 
ASH RUBBER STAMP OO., Lp., 
19x, Constitution Hill, Birmingham, 
Telephone—Oentral 788. Telegrams—“ Sm.sz.” 


ranes.—Electric, Steam, 
HYDRAULIC and HAND. 
of all t; and sizes. 
GEORGE RU & Ltp.,, 
otherwell, near G 5697 


STEEL TANKS, PIPES, GASHOLDERS, &c. 


IT Thos. Piggott &-Co., Limited, 


RMINGHAM, 
See Advertisement last week, page 110. 


P lenty and on, 
; LIMITED. 
MARINE ENGINEERS, &c. 
Newsury, ENGLAND. 














Mank Locomotives. 





Specification and Workmanship equal to 
R. & W. HAWTHORN, LESLIE & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 5699 
the 
Engineerin ing Company, 
re GLAS Lrp. 


Main Line Locomotives. 
Glasgow Railway 
London ieee. fee Btint, 5.W. 


RAILWAY CANMIAGR WAGON ‘AND TRAMWAY 
Ww & AXLES. 


H 
CARRIAGE & WAGON TRONWORKS, also 
CAST-STEEL AXLE BOXES. 5769 


P. & W. MacLellan, Limited, 


OLUTHA WORKS, oe: 
MANUFACTURERS © 
RAILWAY CARRIAGES ‘AND WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGHS, ROOFING, &c. 
Chief Offices: 129, Trongate,Giaseow. Od 8547 
Registered Offices: 1064, Cannon St., London, | E.C, 





Fuller, Horsey, Sons & Cassell, 
SPRCLALINES 
SALE AN D VALUATION 
PLANT AND MACHINERY 


an 
ENGINEERING WORKS. 


3, HIGH HOLBORN, LONDON, W.c. A. 


[=vineble vincible (jauge (lasses. 


BUTTERWORTH BROS, Ltd., 








SPREDS UP ) 45 MILHS.AN HOUR. 
PADDLE OR SCRHW STEAMERS OF 
ExcertTionat SHaLLOw DRavGnar. 


Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 


SHIPBUILDERS, SHIP > apipans AND ENGINEERS. 
((ampbells & Hee. | Poss 
Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 





DOLPHIN FOUNDRY, LEBDS. 


Y achts, Launches, or Barges, 
Built oomiginks with Steam, Oil or Petrol 
Motors, ; or Machinery supplied. Od 3551 


VOSPER & CO., Lrp., sores STREET, PoRTSMOUTH 


Gheet Mel Qtampi 2 or 


ema ¢ — Po em nang omen A & FORGE 


QO}! ‘Fuel rg coe sot 


P URE, 
SYSTEMS {ate 
STEAM 


4547 











FOR BOILERS OF ALL TYPES. 
Kernmiodes Limited, 
36, Tae TEMPLE, 7“ ‘ paapcas LIVERPOOL ; 

109, Sinsniniane tata Lonpox. 
NAVAL OUTFITS A SPECIALTY. 


ocomotives Tank ~ 
ed and constructed b: 
MANNING, we LE AND COMPA 
Boyn e Engine Works, Leeds. 
See their lilue J Advertisement, page 121, last week. 


ochran iad AND 


B TYPHS. 
Bowlers. 
See page 112, Nov. 16, 5734 


RAILWAY CARRIAGES, ELECTRIC CARS, &c. 


H™ Nelson & (Co. | Pas 


Tue Guiaseow Romine STOCK aND PLANT epee 
MoTHERWELL. 


“Qripoly” 


MACHINE BELTING 


Drivize 


onveying 
C 


Filevsting 


4078 














Soum MaNvuFACTURERS 


Levis & T'y lor, Ltd., 





Newton Heath Glass Works, CARDiE®, ee: 
As Manchester. : Od 9753} Lompow. ManonesTEr. GLaseow. 
Iron and Steel : ; 
cae ew Chicago Automatics, 
(['ubes and tage a8 N coos ae 
Three very from . 


The Scottish Tu Tube Co., Lid, 
HEAD OFFICE: 34, Robertson Street, Glasgow. 
‘See Advertisement page 46. 


ee 


NEW CAPSTANS, 1} in, through the wire feed. 


JOHN MACNAB, Mary Srreer, Hype. 
£ Tel. No.: 78 Hyde. 





6102 





GeweraL ConsTRUCTIONAL ByGINEERS, 

Boilers, Tanks & Mooring Buoys 
Srois, Perro. Tarxs, Arm Reoxivens, Srsx. 
Cuimwyeys, Riverep St2aM AND VENTILATING Pires, 
Hopprrs, SreciaL Work, ReParns OF ALL Kiwps. 


Tubes, Iron and Steel. 
Edwin Lewis & Sons, Ltd., 
Wolverhampton. sors 


and Pittings.|c 


- 








Gtewarts and Loves. Ll: 


Glasgow and Birmingham. 


See AAverstecenams page 111. 


PRvbber 


6701 
MANUFACTURERS. 





Hose 2a rr. 
ros cg" ww —— & ——: LIMITED, 


CO? I p ] nts (SRR, 


for Chemical & Mineral Water Mfrs. & Breweries. 
Reap & OaMPBELL, Ltd., 109, Victoria St., London, 
S.W. Telegrams—‘* Valorem, London.” 


CO? Fre F*tincteurs 











RIFISH Free ApPLiaNces Co.,Ltd, 1 
8t., Sta Lenton, 8.W. Telegrams— ‘N 
THE WELL-KNOWN 


ize Red Moulding Sand, 


FOR 
IRON, BRASS, ALUMINIUM. 





APPLY, 


Mansfield Sand Co., Ltd., 


MANSFIELD, NOTTS. 81 15 


Gteam Generating Sets for 
SALB :— 

ag 200 Kw., Willans+Mather & Platt, 220 or 440 
volts, 
with es hg , Willans- Holmes, 220 volts, complete 

t 
Two 3 375 Kw., Willans-Siemens, 460/550 volts, D.C., 
engines triple expansion. 

JENNINGS, 
West Walls, Newcastle-on-T yne. 6048 


Tue Giasecow Neloc Srock arp PLanr Works. 


Hee Nelson & Co., Ltd., 


Idersof RAILWAY CARRIAGES, WAGONS 
EVERY OTHER DESCRIPTION 














Werf Conrad, een 


oon it wee Bee oe N, B.C. 


See Advertisement, last and next week. 













os Publicsna Private Bidgs., Electric Ratlways, &c. 
= Victoria 


= LWA E & TRAMWAY ROLLING STOCK, : 
Makers of Wukets & Axis, Ratuway Puant, | Ct Best Mage ave 8 7 +1 
Foreine, Smrra Work, Inow ayy Brass CasTines NEW PA’ a) —R har ¥ eramith. 
tered and Chief Works: Motherwell - pared to undertake the ma Russkx1, Ltd., 
Cardiff Office: Gordon Chambers, 31, Queen Street. | **° DroPan on articles 
Office : 14, _ Leadenhail Stree t, B.C. presen e abroad ‘and will be eased to hear 
See Illustrated Advt, in al dommes. B2 from firms desiring such work execu 9211 
CHANTIBRS & ATHLIBRS 
R z. Cukecing | & Co., Ltd., : d 
e (BsTaBLisHED 1864.) A veustin . N orman 
BUILDERSof RAILWAYCARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. se at aa (France) oe 
RAILWAY WAGONS FOR HIRE. se0e 
Chief Works and Offices 
WISHAW, near GLASGOW. ‘ saat Sebnanns ana erste. haan Fy ot lla 
London Office : 8353 wa Ee er ere oat oe OB 
3, Vicromta Srreet, Westminster, 8.W. Diesel Oil Engines. 
D redging P lant " (lentritugals. 
DESCRIPTIO neaas 
FLOATING GRANBS. - OOAL "BUNKERING | Pott, Cassels & Williamson, 
VESSELS. 




































EVAPORATORS, 
CONDENGRES Lil HATE 
STRAM axp GAS K 
Merri Patent TWIN 
SYPHONIASTHAM TEAS, RIDUOING Y 
ATUM SOFTENING cca vILT MULE. eet 


Yarrow Patent 
bs srsgphiage Bolles. 


6006 
& CO,, UNDERTAKE the 
PIHSSING and and MAUHTINING of the various 


PavRyTs, 





YARROW 


Miuuthew paw & Ge. L 


Leverrorp Works, Dumbarton. 6084 
See Full Page Advt., page 75, Nov. 16, 


Forsings. 
Walter Qomers & C & Co., Ltd., 











r Sale, - Root’s hicoes, 
etapa isis 


H. J. H. KING & CO., L Engineers, 
» LED., 


Br 
Taylor & Challen 


Presses. 











os 43 Pee 
R ailway 
Gwitches and 
C rossings. 
T. SUMMERSON & SONS, LIMITED, 
DAaRLINeTOon, 
ement. —Maxted & Knott, 
Consulting © rs, ADVISE 
GitwiaiLY" on LY on praposed Gexnen Schemes FOR 
ENGLAND AND ABROAD ADVIOH ONLY, 
ahoes salvinnemn: Established 1890 
Address, Bunnett Aver ULL. 
Cablegrams: “ Bnergy, an 6200 
[lta Metals. HeistA aso 
Poot DELTA “METAL OO O. tep ra as 


East Greenwicn, LONDON, S. Ria (hat Birsaingteess i) BX 


[ ™proved High Pressure 

INEWABLE DISC GLOBB VALVE. 

See our Advertisement in last week's issue, oy 20, 
BRITISH STEAM ea ee 


Bedford Street, Leicester 


achine and Engineering 
Mabetactuyers, Patentees, &c. Also 








WORK of all description 

















MOTHERWELL, SCOTLAND. 


po 
See helt-page Advertisement page 18, Sov, 3. i 











‘pie I Saieag of Mechanical 


RUGINRERS. 
THOMAS Hawxscer LxecturF, 1917. 


CAPTAIN H. RIALL LL SANKRY, C.B., Re wens 
Member of Council, will Deliver the 


“HEAT ENGINES,” 
in the Hall of the Institution of Civil ete Se 
Great George 5 Westminster, Friday, 
30th gga 1917, at Six nee 


mm. 
ISITORS INVITED. 





IMPORTANT NOTION TO ALL BNGINEERING 
FIRMS ENGAGED ona MUNITION WORK. 


_Jastitute of Ophthalmic 


OPTIOIA ANS. 
President: The Rt, Hon, L Lormp ALDENHAM, M.A. 


The attention of all engineerin 
turing firms engaged on important 
and especially those firms em ing & ae 
number of female workers, is to the fo 
lowing stetement »s in Memorandu 

, entitled, “The Bffect of Industrial Con- 
ditions u Bresight ; and issued by the gs 
of Munit Committee appointed by 
the Ministry of Munitions :— 


“NOTWITHSTANDING THE IMPORTANT 
BRAKING WHICH GOOD BYBSIGHT MUST 
HAVE UPON OUTPUT, THE QUESTION 
IS NOT TO-DAY RECBIVING ATTENTION 
AT THE HANDS OF THOSE WHOSE DUTY 
IT I8 LO OBTAIN THIS OUTPUT.”-—(Par, 5). 


The Institate of Uphthalmic O has, 
— to the triotic voluntary enrolment of a 
7 ite , been ableto formulate 
an Industrial Sight-Testing Scheme, under which 
it undertakes to provide (voluntarily) qualified 
Opticians to teat the eyesight of factory workers. 


N.B.—A qualified Optician is understood to be 
an ophthalmic optician who has either the 
Pee seating Bxamination of the Spectaclemakers’ 
Company, examinations are under the 
direction of the Rt. Hon. Sir Wm. Hart-Dyke, M.A., 
and among whose examinersare Mr. H. tchley, 
M.A., M.D,, and other medical men and scientists, 
or that of the British —— eg whose 
examiners are 8. Olay, 

A.R.0.8., W. J. M. Titles "M -D. 
Haldane Gee, B.Sc., Albert Griffiths, 5: $c, 4 
May, F.R.G.S. 


and manufac- 
tion w. 





Firms desiring full ——s of this Important 
scheme are requested to write 


Mr. J. HARCOMBE sah 


Secretary, 
Institute of Ophthalmic Opticians, 
25, Friern Barnet Road, London, N. 11, 


3420 
(Corres ndence Courses for 
B.S8e 
Tuition in t ite, if desired 


M.1.0.8., » A.M.I.Moch.B. 
Therough, ra apt 


id, bem we coaching under my 
personal hy en jon. 
8. T. ANDREWS, B.8c. (Bng.), Dept, H. 2, 
80, Gime ‘espeare Crescent, Manor Park, a 


[*. C.E., L Mech.E., Bic, 


and all a souma Examinations,—Mr, G. P. 
KNOWLBS, B. M, Inst. O.B., F.8.1., 
M.R. San. I., PREPARES ( CANDIDATES personall personally 
or by correspondence. Hundreds of 
Courses may commence at any time.—39, » Victoria 
St., Westminster, 5.W. 

















APPOINTMENTS OPEN. 


BOROUGH OF SWINDON 
BDUCATION COMMITTEE. 


SWINDON AND NORTH WILTS TBOHNICAL 
INSTITUTION. 


Principal—Mr, @. H. Buakmarpr, M.Sc. 





The Committee invite 


pplications for the Per- 
"ne of HBAD of _ 
BNGINEREING PARTMENT of the Technica 
Institution, ata woman salary of 220 4 pone 
Candidates must be ineli, for military service, 
Teaching ine nding laboratory work, 
and seantien ex ce in an engineering ow 
= nae any a and ability to take some electrical work 
(durin; jod of the war) desirable. Furth 
Kare SS pe specified, will be su ied 
the Print Prcchubal Institution, Gefletoc, ‘te 
a b 
the 8th December, IT 5! 
ist Sion Commins 
e i 
20th eiciamer t 1917. wer aaa J 521 
KENT BDUCATION OOMMITTRE, 


GRAVESEND AND MAI MAIDSTONE JUNIOR 
THOHNIOAL AL SCHOOLS. 





te mani 
shop methods. 
Regercstans in Ja mie Assist- = 


Sie peas. W. : 
Sessions House, org. 


6328 | salary required, &c., 








Candidates canvassing directly or indirectly will 
be disqualified. ¥ ” 
GEORGE R. D. HARRISON, 


Welshpool, 
13th November, 1917. 
CHIEF DRAUGHTSMAN REQUIRED. 


AEROPLANE WORKS, 
LONDON, N.W. 


[the Services of a Chief 
DRAUGHTSMAN are REQUIRED b 
amy lane Firm. He must have po secape 
nd be really capable of taking charge 
yb e office. 





lity 
Only first-class men moot apply, 


and 
Applications should be submitted by letter, state 
age of applicant, and give full details of training 
and experience. No one engaged on Government 
work or living more than 10 miles away, need write. 
—Address, J 502, Offices of ENGINEERING. 


W anted, Ener aed Accoun- 
TANT ond oo for pieeetien oe 

neering Works near 

suitable applicant ; eis ‘ceall =“ “i ods 

already employed on magna work will be 

sneaged. —Apply, stating a ery oe &c., in con- 
to your nearest EX- 

CHANGE, mentioning this Journal and 2 400, 


anted, for a Large Marine 


Engi establishment, HEAD 
CLERK. Must be oa ther roughly experienced, alo 
capable corres: 


° a Sn A ng Ae on 
Gevernmtet © work wilt be “ee ane” ear 
nearest EMPLOYMENT HAN ae 
tioning No. A 4010 and ENGINEERING. 


Experience ced Cost Clerk 


EQUIRED by engineers, 8.B. London. 
Knowledge foundry costs and practical works ex- 
perience preferred. No applicants residing oulside 
radius of pv miles, or already employed on Govern- 
ment work can be engaged,—Write, stating age, 














experience and salary required, to J 542, Offices of 


ENGINEPRING, 


|S tores Clerk Required to take | ine 


CHARGE of Blectric Supply Co.’s Stores 
Works hours. Good wages and war bonus to suitable 
man.—Write, stating age and onperseans to E.F., 
sae of J. W. Vickers & Co., Ltd., 5, Nicholas Lane, 





Clerk of the agree 5 qualifi 


la terms Aptiars te tial 
we treated in confidence, 
vane heey ot ng af Hoa, Solicitor, 11] thie So 


Street, London, E. 
ranted, in a Government 





pepe Ay 


Production and Prime Gost| WY 


aes WANTED for Controlled 





‘orks ( Perma: 
co nuttable man; salary to ex 
rience. No at aa; salary soverding to « 2 
ment work will 


s perfence, ad xy ompeoeens 

ex 5 

a EMPLOYMENT E CHANGE, 
rnal and J 406. 


anted, Engineers’ Rate 
FIXER. "Must me ———- age 4 

of bi eed a= ma, ete n ee with 
md Sones work Silt "be" engaged— State 


WikvLovuan wkcuaNon, Srestioning tie 
Journa) and 


ate Se Required in 


Government Controlled pgs ee 
situated in Eastern Counties, for. repetition 
machirie shop work of smallaccurate meta! parts, to 
work under supervision of chief rate fixer. am be 
six o'clock man. No one pase on Government 
can be en - _ Apply, stating she: 
eros and sa to nearest - 
bes oo aan BXCHANG , mentioning this paper 











5 — 
ero lane Factory, N.W., has 
ACANCY for a ca ie RATE FIX&R, 
used to wou in connection with light metal fittings, 
preferably, but not necessarily with previous ex- 
perience of aircraft work. rg tia residing more 
than ten miles away or alread ed on Govern- 
ment work need wri te toBu. sie ELLs Ltd,. 1 
Fleet Street, B.C. 4 J 493 


(jentleman, with Thoroug h 


tical experience, REQUIRED, to oo 
lish and Ma e New Works ndou District) to 
MANUFACTURE WAR MATERIAL. Advertiser 
has about £5000 —— for plant and working 
capital. Partnership a ent — 

offered to the right Ag A es fall details of t 
caneae and ex ce. Answers will be trea in 
— confidence.—Address, BOX 859, care of 

Jupp’s, 97, Gresham Street, H.C. 2 ___ J 536 


Bae eae with ~ Experi- 
e-ce in coke even plant, coal - vANTHE 
hinery, and — = tar < a, WANT 

Immediately. —A 

required, to OPPEE 

BY# PRODUOT CO., 301, Glosso: 

No one already. employed on 

gaged. 





rience, 

CORB oO AND 
Road, Sheffield. 
ernment work 

J 348 





lerks.—Large Engineering 
Firm in the North HAS VACANCY for two 
capable and experienced MALE CLERKS (short- 
hand typists). Good a ae and possession 
initiative essential. Age 25 to 30, unmarried, capable 
of dictating and correctly composing letters igh 
est references required = aoe nes ns are of confidential 
men. Overtime 


nature. p, at, — 
No person V Saay on Government work 


paid jor. “No 
will be engaged. ag” > giving full seats ake 


experience and sta’ NE EXCHANGH, menses 806 | 





nearest EMPLOY 
this paper and Non A. 408 


(Shemist, First-class, Required 


for large sp naratecwrs concern. Must be 
well up in ealiey ¢ especially steels) and photo- 
mictography. No one already engaged on Govera- 
ment work or residing more tham ten miles away 
need apply.—Address, giving details of experience, 
J 347, Offices of ExGineERine. 
by 


‘Wanted, an Ser re 


lished progressive Firm of ball-beari: 
manufacturers in the Midlands, at present ongaged 
on im t Gevernment contracts, MACHINE 
SHO SUPHRINTENDENT. Ohiet INSPECTOR 
and Tool Room FOREMAN, ‘Also Upto aens MAN 
on modern steel treatment, hardening, &c.; good 
prospects offered for suitable man requiring per- 
canine position in a growing industry. No man 

ee Tee net ge pee hea will be en- 
— +s u iculars, ex oe 
eget wank Set leerel. to poate 


and 
“ax HaNGE, esucseantoar tans vas 








BMPLOYMENT 
Journal and No. A 4045. 


Al arge Ex Engineering Firm in 
war work, REQUUUM the poneee eee 





mercial 
422, Offices of EnenrneRrine. 
rintendent Wanted 
Sr teeters. | 


See 








of | experience and salary uired. 





will be en, 
p= ughtsmen, Used to ee 
‘ see Mac! . Permanent and 
Sainte situations to suitable men. State 
requ! No one al 
are on Government “— will be mt nx. 
orn your nearest PLOYME EX- 
Gk, ssentioning this i and J 430 


Ds! htsman Required for 
oad me) Furnaces and Rolling Mills 
on Deny pare tyre ae Men bon aed on Govern- 
your nearest 
EMPLOYMENT sed not apely.—Apbly car Gases 
rience, and salary required, quoting 
ENGINEERING. 


Divs ghtsmen Required, for 


ee work, preferably with experience 
No one on Government 
aan need pee iy—Appiy. your nearest tinge 


MENT EXC GH, sta experience and 
salary required, and cpontionian we: re J 417 


htsmen Required for 
pects pas 














lass Ame Engine Design. pros- 

men. SRecertenos tn tat in internal 

combustion engl 4 gn oth po stating full 

—s ur nearest 

PLOYMENT “Ex HANGE, mapsiening this 

Journal and J 318. No person already engaged on 
Government work need apply. 


‘Wanted Chief Draughtsman | ?! 


and _one. having a thorough practical 





447 | knowledge of Gas Producers, Gas and Coal Fired 


Furnaces, Competent to take charge of Drawi 
correspondence. No one already ot and cond 


correspond 
wae lle 


eng aa 5 bo 





of 


Wanted, See Draughts- 
part 


MAN with know. axal Ouaioees. 
ichmond 





Wanted, Ona or Two First- | 2 


og DRAUGHTSMBN, 
inatruments 


rd be eR Exervnenive. 


ee Wanted, for 


a nad wage ead 


uy 
full 





ment jand execution of all classes 
ordnance 


sam acta Ry | 





mientio:.} 


Wu Immediately by P 


smi sf 
al DRAUGHTSHAN ed 3 


tool. a 
general a eek Severs, employed on Bo 





hovern | nearest EMPLOYMENT BECHA: CHANGE ment to. 0 


this Journal and J 516. 


28) Wanted, Immediately, 
aE agin = in mf by ' 


»a 

DRAUGHTS™ \) 
ney have had first-class ger ge in the a: ~ 
jigs used on 
Ne one emploved 


ya infelianc?”° 





and machine tool work. 
on Government work will be 
your nearest EMPLOYM rh 3 
tHoniog this Journal and J &: 


en- 
Reaured, Dreugh tsman, used, 
to Works Lay-ont. © one resident more 
than ten miles away or already on Governn ~ 
work will Soe engaged.—Reply, stating age, sa! 
es at se details of past experience, ‘D 
XK 426, ' BRownn’s Advertising Offices. 163 
Queen Wictars Street, B.C. a 


Ree. Draughtsman with 


Elevator and i Conveyor experience and used 
design. No one apeidtin ig 
nae than 10 miles away or already on Government 
work will be engaged.—Keply. stating age, salary 
en ‘to ull details of past experience to 
BOX a ans Uffices, 163, 
Queen Vi Victoria Street, E.C. 4 J 565 


Filectrical Draughtsman 


REQUIRED, capable of preparing wiring 
pas and requisitioning materials. State age 
salary required. Noone already pumeyed on 
Government work will be einai Apply, to the 
nearest EMPLOYMENT EX NGE, mentioning 
this Journal and J 546 


W anted, Three Draughtsmen 


with pn h knowledge of modern biast 

furnace construction for a new blast furnace plant. 
—Apply, stating age, ————- and salary re- 
uired, to your nearest EMPLOYMENT EX- 
HANGE, mentioning No. A .4033. No person 

or orn 9 engaged on Government work will be con- 
side: J 462 


anted, Good Junior and 


enior Marine or Mechanical Engineering 
DRAUGHTSM EN. Must be men of particular 
ability. State practical and scientific training, age 
and salary required. * one already on Govern- 
ment work need appl eae 
PLOYMENT EXCHANGE, 




















r nearest EM- 
oning No. A 4047. 


J 442 
Required, for Dover, 


pply, 
yr 





| 

G ood 

General DRAUGHTSMAN, with knowledge 
of steelwork and ferro-concrete construction. 
Must be ineligible for general military service.— 
Apply by letter, stating age, full particulars of 
experience, salary required and enclosing copy of 
recent testimonials, to BOX No. 897, care of 
SrREE?’s, 8, Serle Street, London, W.C.. J 431 


wo Draughtsmen Wanted, 

with mechanical and electrical experience. 

Accustomed to factory work, Excellent prospects 

to the right men, don District. State age, 

yy and salary expected.—Address, J 50, 
of ENGINEERING. 


Praughtsman, Structural,used 
to reading stress diagrams and working from 
= ‘ineers’ calculations and sketches; good salary 
prospects. No one residing more than ten 
allen away or already engaged on Government work 
—_ apply. Ex soldier preferred.—Write, BOX 22, 
of Uhoost nx & Co., Ltd., 57, Coleman ey 

2. 49 











+ saghtomen, — Wanted, in 
London, Three capable DRAUGHTSMEN for 
By-product Coke Oven work ; also One for Ferro- 
Conerete work. Good salaries paid to capable men. 
Noone at present employed on Government work 
or resident more than ten miles away will be 
en, ed. Applicants must be of British nationality. 
Fires, 520, Offices of ENGINEERING. 


Wanted, Draughtsman, with 


transformer experience. Nobody ¢ ngaged 

on Government work will be accepted.—Apply to 
r nearest EMPLOYMENT EXCHANGE, — 
tioning No. A 4086 and ENGINEERING. J 532 


Actonautical Engineers, 
cote, N.W., have VACANCIES for 
cor gta a EN preferably, but not necessarily 
th previous wd yee of aircraft work. Agply 
Ne letter, stating —, of ex- 
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PYROMETERS AND PYROMETRY. 
(Concluded from page 528.) 


WE now conclude our notice of the meeting of 
the Faraday Society held on November 7. 


Optica PYROMETRY IN METALLURGY. 


The contribution to the discussion, made by 
Professor F. G. Donnan, F.R.S., of University 
College, London, on “ Optical Pyrometry in Non- 
Ferrous Metals ” was timely, because it emphasised 
certain essential, but sometimes overlooked, features 
of the problems of metallurgical pyrometry. He 
said that his remarks might really be entitled 
“* Optical Pyrometry and Corrections to be Applied.” 
When the radiation issuing from a hole was sighted, 
the conditions of “full radiation” (black-body 
radiation) were fulfilled; but when an open bath 
or stream of metal was observed, correction had 
to be applied. In the case of molten copper and 
gold, the appearance of an open bath differed much 
more from full radiation than in the case of steel. 
These fused metals afforded a beautiful sight ; 
copper looked bluish green, gold green. The two 
metals had a strong selective reflection when cold 
not changing very much with temperature. The 
relation between selective emissivity and selective 
reflectivity was given by Kirchhoff’s law: E,/E=A, 
where E, was the emissivity of the substance, E the 
emissivity of a full radiator at the same temperature, 
and A the absorptivity—all for some particular 
wave-length A. The quotient E,/E or absorp- 
tivity might also be called “relative emissivity.” 
If R were the reflectivity, then E,/E=A=1—R. As 
regards solid and liquid copper, gold and silver these 
relations had been investigated with the aid of a 
spectrophotometer by Drs. Stubbs and Prideaux in 
Professor Donnan’s laboratory (then at Liverpool). 
Plotting the E,/E or A against A (from 0.45 » to 
0.7 ~) and making temperature determinations by 
means of thermocouples they found a sharp dis- 
continuity in the emissivity at the melting points 
(a fact questioned by previous observers) ; the liquid 
gold emitted more in the red and yellow, and less 
in the blue, than the solid; and the curves for 
the liquid and solid metals were quite different, 
but no temperature coefficient of relative emissivity 
was discovered for the liquid metal over a range 
of 100 deg. C. Similar relations held for copper ; 
fused silver had a very low emissivity all through 
the range. The relation between apparent tempe- 
rature and true (black-body) temperature was not 
simple, and had to be referred to a definite wave- 
length A; the true temperature was that of a full 
radiator (black-body) emitting light of the same 
intensity as the substance, the formula being : 

1 1 

= Beh Se d log e Aa / ¢2 
where 8S, was the black-body temperature, T the 
true temperature on the absolute scale, A, the 
relative emissivity, and c, a constant. As the d de- 
creased from 0.784 » to 0.416 p, the black-body 





temperature of solid gold at its melting point rose 
from 891.5 to 1025.5, and of the liquid gold from | 
931 deg. to 1019 deg. C. Similarly with copper ; | 
as the wave-length decreased from 0.7 to 0.5, the | 
black-body temperature of the solid copper at its | 
melting point rose from 896 deg. to 1,028 deg., and | 
that of the liquid copper from 717 deg. to 1,026 deg. | 
The accepted thermocouple melting point of gold | 
was 1063.2, that of copper 1083.4, and of silver 
960.7 deg. C. (Day & Sosman). The experiments 
were conducted in reducing atmospheres ; incipient 
crystallisation of the liquid and polishing difficulties 
of the solid were among the disturbing factors, | 
and the use of glasses, which were not mono- 
chromatic as assumed, probably accounted for the 
divergent observations of Burgess on copper. In 
using an optical pyrometer the light should always be 
observed at right angles to the surface ; otherwise it 
would be polarised, Professor Donnan concluded. 


THe PyRoMETRY OF FERROUS METALLURGY. 

In his “ Notes on Pyrometry from the Standpoint 
of Ferrous Metallurgy,” Dr. W. H. Hatfield, of 
the Brown-Firth Research Laboratory, Sheffield, 
pointed out that most metallurgical operations had 
to be performed within certain temperature limits, 





but ready reliable means of determining those 


temperatures were hardly available. As regards 
steel melting, optical pyrometers would, for instance, 
give the temperature of the slag or of the roof and 
walls of a furnace, but that did not teach us the 
temperature of the metal actually lying on the 
hearth. He had recently made some experiments. 
Sighting the optical pyrometer on steel running 
into the ladle, he observed temperatures of 1,400 
or 1,410 deg. C. When a thermocouple was placed 
in the empty ladle before the steel was running in, 
the curve rose to a flat maximum as the ladle was 
filling, and descended again when it was emptying ; 
the maximum was at 1,600 deg. C. or 1,625 deg. C. 
These temperatures might be incorrect, since 
extrapolation above 1,400 deg. was uncertain, but 
the great difference between the two readings 
suggested questions such as a possible change in the 
emissivity of steel with conditions independent of 
temperature. A 0.1 carbon steel froze at 1,480 deg. 
to 1,485 deg., in accordance with the iron-carbide 
diagram. In their reheating experiments, platinum 
couples and an optical pyrometer (Cambridge) were 
used ; the temperature of a mass of steel inside the 
furnace would, by the pyrometer, be recorded by 
60 deg. or 100 deg. higher than that of the same 
steel outside the furnace, owing to imperfect 
black-body conditions in the latter case. In rolling 
and forging the hot surface was cooled by coming 
in contact with the cold hammer and dies, and the 
surface might hence appear to be at 900 deg., whilst 
the ingot, cut in two, would indicate 1,000 deg. 
In annealing and other operations much depended 
upon the manner in which the couple was placed 
relative to the steel. For low-temperature work, 
at any rate, base-metal couples (silver-constantan, 
nickel and nickel-chrome) had also proved reliable. 
The time required for heating-up masses of steel 
varied with the nature of the material, its shape 
and dimensions, and the “ diffusivity ”"—rate of 
heat penetration—depended upon thermal conduc- 
tivity, specific heat, density, and, further, upon the 
heating medium and the surface condition ; there 
seemed to be a very steep gradient at the skin, and 
the critical points further complicated such investi- 
gations. According to J. A. Harker the specific heat 
of nearly pure iron increased from 0.1175 at 
200 deg. C. to 0.1647 at 850 deg., decreasing 
slightly at higher temperatures; but the data avail- 
able for various steels were very meagre. Thermal 
conductivity could be determined in various ways. 
The method which A. Johnstone had recently des- 
cribed to the Physical Society for determining 
changes in the conductivity of materials when 
under stress was very simple: a known amount 
of heat was applied to the middle of a wire whose 
ends were cooled to a constant low temperature, 
and the gradient was measured. On this principle 
Dr. Hatfield had, at the laboratory, tested bars 
of 1 cm. diameter with the aid of copper-eureka 
thermocouples. Over the range 10 deg. C. to 
40 deg. C. they had found the values A and B for 
thermal and electric conductivity :— 
B 
100 
58.4 
12-25 


100 
65.3 
25.8 

6 


Wrought iron... ane eae 
0.9 carbon steel, as rolled ... 
25 per cent. nickel steel - 
Air-hardened nickel-chrome, 

steel as rolled ove ost 
High-speed steel, as rolled ... 
High-speed steel, hardened ... 

The results showed, in agreement with the experi- 
ments of Jaeger and Diesselhorst, that the parallelism 
between thermal and electric conductivity was only 
approximate. Much research was needed in this 
field. 

Dr. Hatfie'd' was questioned by Mr. Johns as to 
the wave-length used, which he did not remember, 
and Professor Donnan doubted whether such 
metallurgical investigations were always con- 
ducted with the necessary knowledge of physics. 

Called upon to open the general discussion on 
these metallurgical papers, Dr. J. A. Harker said 
that they had, at the National Physical Laboratory, 
by no means neglected the importance of the 
glass for the eyepieces of optical pyrometers, nor 
had Mr. Whipple. Glasses differed very much, 
even in the same samples sometimes, and it was 
very difficult to determine which was the dominant 
wave-length. Another difficult point was the size 
of the object ; the optical pyrometer should only 
be applied to big objects, but they had, in the 


25, 

40. 
38.0 
28.8 


34.5 
36.2 
17.2 





standardising laboratory, not hundreds of toris of 
fused steel to work with. Mr. Rhodin regretted 
that optical pyrometers like polarmeters were 
too much subject to personal errors. 

Dr. F. Rogers, of Sheffield, described a new 
type of thermocouple of his own. The ends of 
the couple had refractory material (clay or 
moulder’s composition) moulded about them and 
firmly into contact with, and even over, the end of 
the sheath (Fig. 8). The wire-ends were not united 
to a hot junction, but were placed in contact with 
the molten metal. A perfectly steady reading was 
instantly obtained, and the pyrometer could be 
withdrawn before the stem was damaged by the 
heat, although in actual tests of several minutes’ 
duration the pyrometers had not failed. The tip 
was alone heated to the temperature to be measured ; 
possibly the wires melted or alloyed with metal 
over a length of ,y in., but the electric cireuit 
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remained continuous. The air entered the sheath 
near the head and blew out through holes a little 
above the end; the cold-junction trouble was 
avoided by placing the cold-junction inside the 
sheath near the air-blast inlet. He had not yet made 
a thorough calibration of his pyrometer, and the 
following temperatures were merely calculated from 
the resistance ratios : solidification of cobalt-chrome 
high-speed steel in crucible, 1,530 deg. C. ; solidifica- 
tion of copper in open furnace, 1,062 deg. ; tempera- 
ture in a 70-ton open-hearth steel furnace during 
melting down, 1,450 deg. In these trials the end 
of the pyrometer was actually immersed in the 
metal, for 3} minutes in the last case, in which the 
stem was 9 ft. long, air-cooled, and clad with heavy 
clay sleeves. The first development of these 
couples had been made in conjunction with Messrs. 
P. R. Kuehnrich and J. F. Kayser in the Spartan 
Steel Company’s works at Sheffield, and in Messrs. 
Taylor Brothers’ Steel Works, Leeds. Immersion 
of the pyrometer tip for from 2 seconds to 10 
seconds was sufficient and a layer could be ground 
off the tip if contamination were suspected. 

Dr. Rosenhain feared that such a couple would not 
last long ; the platinum-rhodium would soon become 
contaminated. The difficulty of the general problem 
was to measure what one really wanted ; the pyro- 
meter inside the furnace did not give that unless 
one placed a dummy, provided with a hole to 
take a thermocouple, next to the object in the 
furnace. That was not always possible, and the 
future seemed to be with some pyrometer outside 
the furnace. The thermal conductivities of various 
steels differed very much, and Dr. Hatfield would 
find his penetration tests very difficult ; Dr. Griffiths 
and he (Dr. Rosenhain) had recentiy evolved a 
method for measuring the thermal conductivities 
of aluminium-alloys. 

Mr. W. Carter, while almost grumbling that pyro- 
meters were so cheap, that one could not trouble the 
manufacturer about their use, complained also that 
they were too delicate ; the man in the hardening shop 
did not want tiny screws and scales to be read with 
a magnifying glass. Mr. Whipple replied that 
instruments were often very badly used, and 
when they were said to be burnt through, they were 
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really broken. Hardeners and others wanted 
special limited ranges. Considering that metal- 
lurgists now asked for instruments correct within 
2 deg., pyrometry had certainly advanced. The 
coloured glasses, supplied now practically by 
one American firm, were a source of great trouble. 
Mr. Peddle spoke on behalf of the glass makers, who 
could rarely use thermocouples, as they were attacked 
by the glass and contaminated the glass. He 
found optical pyrometers best; the radiation 
pyrometer of Foster was fairly good, but its life 
was not very long. In Mesuré instruments the 
personal equation, he agreed with Professor Arnold, 
was awkward; when one worked round the holes 
of a furnace, and returned to No. 1 again, the 
reading would be different. 

Summing up the discussion in a few words, Sir 
Richard Glazebrook remarked that a conference 
between Messrs. Whipple Johns, McCance and 
the National Physical Laboratory seemed desirable. 

The third set of papers brought before the 
meeting of the Faraday Society dealt with base 
metal pyrometers and with temperature measure- 
ments of pottery materials ; their was no time for 
their discussion, unfortunately. 


BasE-METAL PYROMETERS. 


Mr. Charles R. Darling, A.R.C.S., of the City and 
Guild Technical Institute, Finsbury, in presenting 
a short communication on base-metal thermo- 
electric pyrometers said that the couples commonly 
used were iron-constantan, two iron-nickel alloys 
of different compositions, and two different nickel- 
chrome alloys known as Hoskins alloys; some 
iron-aluminium alloys were also used. Though 
some of these alloys changed their properties 
with continued heating, some of British manu- 
facture were quite reliable within prescribed limits, 
but they were not reliable above 1000 deg. C. If 
liquid metals were utilisable, metals like aluminium, 
silver, tin, copper, nickel, iron, whose boiling points 
ranged from 1,800 up to 2,450 deg. C. would become 
available at high temperatures. Mr. Darling sug- 
gested how that might be done. Experimenting 
with Mr. A. W. Grace on the electromotive forces of 
fused metals (on which problems Mr. Darling has 
recently made communications to the Physical 
Society), he had found that with most metals there 
was @ continuous rise in the E.M.F. as the tem- 
perature rose, and that there was no change in the 
trend of the curve, which was practically a straight 
line, at the melting point of the metal (except in 
the cases of bismuth and antimony). To utilise 
this properly he fixed two silica tubes into holes 
drilled into a block of carbon, 1 or 2 in. square 
so far, inserted rods of different metals in the 
tubes, screwing the ends into the carbon to ensure 
better contact if necessary, connected the four 
ends to a nickle voltmeter, and inserted the block 
and tubes vertically into the furnace up to a 
certain level. There would be difficulty with the 
refractory material to be adopted for the tube in 
practice, and with the expansion of the freezing 
metals ; but his experiments, so far only at tem- 
peratures up to 1,000 deg. C., were promising. 
The graphite block prevented the mixing of the 
metals, whilst the E.M.F. was the same as if they 
were in actual contact. 


Brexaviour oF Base-Metat Coup es. 


Mr. G. E. M. Stone, head of the pyrometry 
department of Messrs. Armstrong Whitworth 
and Co., contributed some very interesting “‘ Notes 
on the Remediable Causes of Unreliability en- 
countered in Thermoelectric Pyrometry, especially 
in systems of the Base-Metal Type.” Among the 
requirements which he clsimed for base-metal 
couples was a reliability within 10 deg. C. That 
could often be obtained ; but when more than one 
instrument were in use, combined with various 
recording instruments, some couples and fire-rods 
or “‘stems” would behave peculiarly. Readings 
passably correct at first, fluctuated by 50 deg. 
after a few hours; and when rectification was 
effected by adjusting the compensating resistance, 
the former error might either be found to have 
rectified itself, so that the adjustment was un- 
necessary, or some other source of error made its 
appearance. When appeals were made to the 


manufacturer, the representative might find the 
erratic instrument apparently in good order. With 
the assistance of Mr. H. R. S. Johnson, Mr. Stone 
had investigated the causes of these troubles. The 
non-homogeneity of the materials was a first serious 
obstacle to taeir working. Iron-constantan couples 
e.g., which were much in use, failed owing to par- 
ticular changes at the critical points, and when the 
furnace temperature was nct uniform or the rates 
of heating and ccoling were varied, the readings 
fluctuxted. It was the same with nickel. The 
heterogeneity could be demonstrated by cutting 
a couple, which had been in use, longitudinally in 
halves, joining the cold ends to a millivoltmeter, 
crossing the former hot ends at various spots, 
perhaps an inch apart, and heating these new 
junctions. Owing to this want of homogeneity 
the “cold-junction error”’ was quite an uncertain 
quantity 9s well, and thet could not be cured by 
compensating leads. Mr. Stone had many in- 
structive exhibits exemplifying faulty materials, 
junctions, insulations, &c. 

In fire-rods, in which one element of the couple 
surrounded the other in the form of a tube, two 
faults were often noticed at an early stage. The 
central wire was electrically welded to the tip of 
the tube; the two materials had different expansions 
coefficients, and the friction between the insulating 
sheaths of fireclay or porcelain and the wire was 
often sufficient to force the tips out from the weld. 
Secondly, the central wire was frequently over- 
heated during the welding and turned spongy and 
mechanically weak. A cure could be effected by 
adopting small beads of fire-clay for the insulation. 
A common fault of all couples (not only of base- 
metal) was that the ohmic resistance of the two 
parts was not rigorously of the same value. In 
one installation they had found the tested terminal 
resistance of a considerable number of the same 
instruments to range from 2.67 to 5.3 ohms, no 
two being alike. Such instruments would give 
different readings for the same temperature. The 
principal source of error was, however, that the 
terminal resistance of the measuring instrument 
was made too small. In such a case an imperfect 
contact, a little dirt getting between the contacts 
at the head of the fire-rods, or between the prongs 
of an electric switch, an ‘addition to the length of 
the leads by a few inches, wires getting locally hot 
by radiation from the furnace or by lying on the 
ground, might set up appreciable errors. When 
the total resistance of the pyrometer was about equal 
to that of the recording instrument, which was not 
an unusual feature, an increase of the connection 
resistance by 0.12 ohm might lower the reading by 
15 deg. C. In this particular case the resistances had 
been the following: 9 ft. fire-rod 0.46 ohm, furnace 
leads 0.14, wires to recorder 3.0 ohms, making ex- 
ternal resistance 3.6 ohms; instrument 3.6 ohms ; 
total resistance of circuit 7.2 ohms ; E.M.F. generated 
at the tip of the fire-rod at 800 deg, 35 millivolt. 
Plotting these figures in a potential-fall diagram, 
it would be seen that the E.M.F. initially indicated 
would fall to half its value, 17.5 millivolts during the 
passage of the current along the resistances. But 
the instrument was-calculated to indicate that 
temperature of 800 deg. at the tip of the rod, and 
the movements of the needle were really given the 
value of 7, of 800 deg., i.e., 46 deg. per millivolt 
at that part of the scale. Mr. Stone then showed 
in detail how a change in the external circuit by 
9.12 ohms would affect the reading as stated, whilst 
with an instrument resistance of 400 ohms the 
difference would amount to 0.24 deg. only. In- 
stead of high-resistance recorders, however, heavy 
leads were adopted, and to shorten them the in- 
strument was placed near the furnace. Warping 
wooden bases for instruments and their leaning 
against masses of iron, which caused magnetic 
leakage, were other remediable causes of trouble ; 
vertical needles with depressors bearing against 

» which varied in moisture, were also objec- 
tionable ; hollows developed in the depressor 
and caught the needles; and the central hole of 
circular charts was not accurately punched. Again 
in concentric connection for the heads of fire-rods 
the central connection and its insulation were not 
sufficiently secured sometimes. All these minor 





errors, though individually small, were apt to 


accumulate. Finally Mr. Stone strongly advocated 
high-resistance recorders though they were of more 
delicate construction than low resistance instruments 
with substantial pivots and control springs. 

The pyrometer of Messrs. E. M. Stone and W. B. 
Barclay, one of the exhibits, stands quite apart from 
ordinary pyrometers and deserves a name of its 
own. It is an instrument designed for the purpose of 
indicating whether the time for pouring a particular 
metal of known composition has arrived; this pur- 
pose is, of course, sufficiently useful. The instrument 
is of the stem pattern (Fig. 9). The tube consists of 
two parts ; the lower portion is a silica tube closed 
below ; the upper portion an open brass tube, the 
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junction being effected by means of slots and set 
screws for adjusting the design. The rod inside the 
tube is also two-part; the lower portion consists 
of fused silica, the upper of an iron rod ; the silica 
rod is cemented into the junction piece which is 
slotted to allow for expansion ; the iron emerges 
through the cap of the tube and is joined above to a 
lever. The silica rod now—this is the chief feature— 
rests on a mass of metal or alloy (the charge) placed 
in the bottom of the silica tube, the metal being the 
same as that which is to be melted in a crucible. 
The stem is inserted into the crucible; when the 
metal there fuses, the charge in the stem also fuses 
and the rod in the stem sinks, forcing the lever up. 
To prevent the silica rod from being caught by 
the solidifying charge, the lever is pressed by a 
spring catch into a recess and held there ; the charge 
thus solidifies level and the instrument is ready for 
re-use. A sheath is pushed over the lower end of 
the stem to prevent contamination of the silica tube 
with clay. This pyrometer is made by Mr. Samuel 
Platts, of Sheffield. - 


PYROMETERS OF PotrERY MATERIALS. 


Mr. Henry Watkins, of Stoke-on-Trent, con- 
tributed a paper on “The Measurement of High 
Temperatures by Means of Pottery Materials,” the 
only communication dealing with pottery materials. 
He pointed out that every class of pottery and 
porcelain, the clays, bodies, glazes, colours, lustres, 
&c., had its own particular maximum and minimum 
degree of firing. To observe those degrees was 
very difficult because the materials differed very 
much as to contraction, fusibility and other pro- 
perties. The contraction of fireclays he had tested 
varied from 8 per cent. to 5.3 per cent. at 960 deg. C., 
and from 14.3 per cent. to 8.5 per cent. at 1,180 deg. 
The colour of natural felspars gave some clue as to 
their fusibility, as Mr. Watkins’ numerous exhibits 
exemplified, and the potters of past centuries had 
had other guides, such as changes in the colours of 
the flames and of the products, translucency, touch, 
and the ringing of the fired goods when struck 
together, guides which had by no means lost their 
value. The first pyrometer of the potter Josiah 
Wi , described by him before the Royal 
Society in 1782, had relied on the contraction of 
wedges of clay. Since 1900 clay discs, each with a 
pole through the centre, had come into use; the disc 
was withdrawn from the fire by means of a hook 
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and measured accurately against a steel gauge. 
Buller’s trial rings were based on the same principle. 
They were clay rings, 24 in. in diameter, registering 
on the gauge plate ; the ring contracted, the changes 
were noted on special charts, and a check was thus 
obtained on the time of firing and on the work of 
the man in charge of the furnace. Voight and Light, 
of Paris, had first made use of the fusibility of clay, 
felspar, &c., for temperature control. Out of that 
had grown the cones of, Seger, 1886, ranging in 
melting or softening-points from 1,150 deg. to 
1,390 deg. C., and of Cramer (range 590 deg. to 
1,130 deg. C.). Messrs: Holdcroft and Co. had, in 
1898, replaced the cones by their thermoscope bars ; 
four of those bars were as a rule supported in step- 
fashion in a refractory case; they sagged when 
softening, and the sagging was more easily observ- 
able than the collapsing of the cones. Thermocouples 
were now made in numbers from 1 up to 59, and 
also distinguished by letters A, B, C, D, E, F, the 
highest numbers and letters referring to thermos- 
scopes for research and temperatures up to 2,000 
deg. C. 

Mr. Watkin’s own “‘recorders” and “ dis- 
coverers” were of a similar type. The recorder 
was a slab of very refractory ware which was 
provided with five circular recesses in the top face ; 
in each recess was placed a pellet-of some material 
of a definite melting-point ; a wrapper which after- 
wards burned away retained the pellets in their 
recesses. A “discoverer” was a recorder ‘with 
15 instead of 5 pellet holes, reading from 590 deg. 
up to 1,270 deg. C., the slab dimensions being 
about 2 in. by 1 in. Many of these cheap meters 
were placed in different parts of the furnace to 
maintain the temperature within the necessary 
limits which were rather narrow frequently. Thus 
a coral red glaze or lustre would be good at 670 deg. 
or 690 deg., faulty at 710 deg., and completely 
spoiled at 730 deg. C. The bright liquid gold would 
not adhere to the glaze at 650 deg., would be good 
at 670 deg. and be spoiled at 710 deg. ; a manganese 
glaze, purple at 950 deg., would turn brown at 1,050 
deg., and chrome yellow would change into green 
within the same temperature-range. The limitation 
of these pyrometers was that they did not register 
the period during which the respective temperatures 
were maintained. Hence, contraction tests were not 
superseded ; but those tests again were not perfect 
either, small objects contracted relatively more 
than large objects, and there were other difficulties. 


INSTRUMENTS EXHIBITED. 


In addition to the novelties already described, 
a considerable number of instruments were ex- 
hibited during the meeting. The Cambridge 
Scientific Instrument Company had a large display. 
Their optical pyrometer, so often mentioned in 
the discussion, is a kind of polarising photometer. 
The observer compares two beams; the one comes 
from the object under test, the other from a small 
4-volt carbon lamp; both beams pass through a 
system of lenses and prisms, are polarised and 
rendered monochromatic, and the common eyepiece 
shows a field divided into two semicircles ; the two 
are matched by turning the eyepiece, the pointer 
of which travels over the scale ; the instruments are 
fitted with one or two scales. As the accuracy 
greatly depends upon the constancy of the small 
lamp, provision is made for standardising this lamp 
—outside the works—against an amylacetate 
standard. The indicators, portable or wall-type, 
of the Cambridge Company are moving-coil galvano- 
meters of robust construction and high internal 
resistance, 1,200 ohms in one suspended instrument 
exhibited, the scale of which has a length of 7 in. 
A novel convenience is the mechanical set-up due to 
Messrs. Hirst and Roweliffe, of the firm, a device 
allowing the observer to start, e.g., at 500 deg. C., 
instead of at 0 deg., in a scale reading up to 1,100 deg. 
_ The thread recorder is a clock-driven instrument 
in which the pointer of the suspended-coil galvano- 
meter is depressed at intervals so as to trace a 
dotted temperature curve on a drum which may be 
set to make one revolution in 25 hours or in 2 hours 
5 minutes. The new style exhibited is fitted with 
a double-thread frame giving two threads of different 
colours ; a rocking mechanism brings either frame 
alternately under the galvanometer boom, and 


with four thermocouples four records (in two 
colours) are obtained; the wipe contacts for 
changing over from one colour to the other have 
been displaced in the new instruments by mercury 
contacts made in an airtight ebonite tube. We 
should also mention the Whipple indicator, a 
Wheatstone bridge recommended for standardising 
thermocouples ; the bridge is balanced by turning 
a handle and gives direct temperature readings. 
The ends of the base-metal couples of the Cambridge 
Company are now made renewable. 

The exhibits of the Foster Instrument Company, 
of Letchworth, which makes use of Hoskins’ alloys 
in their thermocouples, comprised a cold-junction 
box filled with oil. We also mention the depressor 
of their portable recording pyrometer, because these 
devices, which are of general use, were repeatedly 
referred to during the discussion. The chart is a 
circular disc, 10 in. diameter, in front of which the 
marking pen swings freely, to be depressed overy 
$ minute by the bar ; the pen takes up its ink from 
a pad on the pressed bar which the clockwork 
rotates. Mr. Robert W. Paul, of New Southgate, N., 
also had a large number of exhibits. The Wild- 
Barfield steel-hardening furnace, exhibited by Auto- 
matic and Electric Furnaces, Limited, of 6, Old 
Queen-street, S.W. 1, was described on page 71 of 
our issue of July 20 last. 





KEADBY RAILWAY AND HIGHWAY 
SCHERZER ROLLER LIFT BRIDGE. 
(Continued from page 485.) 


WE continue our illustrations of this interesting 
bridge by giving on Plate LIII with this issue 
details of the nose end of the centre truss of 
the Scherzer roller lift span. The main drawings 
are a continuation of those of the rear end on Plate 
XLV published with our issue of 2nd inst. As we 
stated in that article and as is well shown by the 
perspective views Fig. 61 on page 552, and Fig. 62 
on Plate LIT the trusses are of the Warren type, 
with vertical subsidiary posts at each panel point. 
They are of 18 ft. effective depth at the nose end 
and 36 ft. at the rear end. 

Fig. 63, Plate LIII, is an elevation, with cross- 
sections of the main members; Figs. 64 and €5 are 
plans of the top and bottom of the bottom boom 
respectively, and Figs. 66 and 67. show the bottom 
and the top of the top boom. The bottom boom 
is 2 ft. 4} in. deep by 1 ft. 8 in. broad between 
web plates. The web plates are g-in. thick, and 
the main angles are 6-in. by 4-in. by §-in., while 
the area is further increased by §-in. side plates 
as the stresses increase towards the centre and 
rear end of the truss. The boom is open at the 
bottom, so that there is no lodgment for water, but 
both the top and bottom edges are braced by 6-in. 
by 3$-in. by #-in. diagonal angles and 2-ft. by 
4-in. by 2-ft. 5}-in. tie-plates, as illustrated in 
Figs. 64 and 65, Plate LIII, plate and angle 
diaphragm at the cross girders, as described above, 
and two diaphragms in each bay, consisting of -in. 
plates connected to the boom by 34-in. by 3}-in. by 
#-in. angles, as shown in Fig. 63, Plate LII]. This 
bracing is necessary, since there are compressive 
stresses in the bottom boom when the span is raised. 

The top boom is 2 ft. 0} in. deep by 2 ft. 6 in. 
wide over all. The main angles are 6 in. by 4 in. 
by & in., the side plates or web are -in., reinforced 
by §-in. plates as required by stresses. There is a 
top plate, which varies in thickness from % in. to 
} in. to suit stresses. The bottom edge of the boom 
is braced with angles and tie-plates, and diaphragms 
are provided both at the panel points and between 
them to stiffen the side plates as in the bottom 
boom. 

The field joints in the top and bottom boom are 
made at the panel points and are suitably covered, 
as shown on illustrations. 

For the same reason as stated for the bottom 
boom the diagonals of the main truss are all de- 
signed as struts. Each is of the same form, con- 
sisting of four angles with side webs, braced at top 
and bottom with lacing angles and tie-plates. 
Where necessary, the area is increased by additional 
side plates. Member U,—A,, Plate XLV, pub- 
lished with our issue of the 2nd inst., may be taken as 





anexample. It consists of four angles 6 in. by 4 in. 


by } in. and two side webs 2 ft. by } in., and is 
further reinforced by four side plates 1 ft. 10 in. 
by & in. and two side plates 1 ft. 3} in. by } in. 
The bracing top and bottom is of 6-in. by 3}-in. by 
# in. angles laced at 60 deg., terminating in }-in. 
tie plates. Five ~ in. plate diaphragms further 
stiffen the webs. Each end of the diagonal is 
attached to the large {-in. double gusset plates at 
the panel points. The vertical posts at U,, U, and 
U,, which divide the panel lengths of the top boom, 
consist of two 12-in. by 34-in. 26.1 lb. channels 
laced with 2}-in. by j-in. flats. Those at U,, U, and 
U,, which act primarly as hangers from the cross 
girders to the panel points, are built-up members, 
consisting of four angles 6 in. by 4 in. by y% in., 
and a 1-ft. 64-in. by }-in. web plate. That at U, is 
of slightly heavier section owing to the change of 
inclination of the bottom boom. 

The tops of the trusses are braced together by 
four portal trusses, one of which was illustrated in 
detail on Plate XLV with our issue of the 2nd inst. 
Others are at the panel points marked U,, U, and 
U, on Fig. 63, on Plate LIII.. We give details of 
the poital at the nose end. 

This end portal truss connecting the sloping end 
posts is illustrated in Fig. 68, Plate LIII. It is built 
up of double 6-in. by 4-in. by }-in. angles braced to- 
gether with double 4-in. by 5-in. by #-in. diagonal 
angles and double 34-in. by 3}-in. by §-in. vertical 
angles, with two 4-in. by 4-in. by #-in. angles for 
centre vertical. All are connected with }-in. gussets. 
Between the portals horizontal cross-bracings 
2 ft. 0} in. deep, of 6-in. by 4-in. by ,%-in. angles, 
are provided from truss to truss as illustrated at the 
panel points U;, U;, &c., in Fig. 67, Plate LIII. 
These are connected to cross struts between top 
booms above bottom panel points, as at U, in Fig. 63, 
Plate LIII, and are illustrated at the same point in 
Figs. 66 and 67. They are made up of double angles 
5-in. by 3}-in. by §-in. top and bottom, braced 
together with lacing flats and connected to the top 
and bottom of the top boom by §-in. gusset plates. 
The cross braces also serve to shorten the effective 
length of the top booms when the latter act as 
struts. Short longitudinal braced girders, 2 ft. 
0} in. deep, are provided in the overhead bracing, 
midway between the main trusses, as shown on the 
elevation, and the connections of two of these to 
the end portal trusses are shown in Figs. 69 and 70, 
Plate LIII. They consist of double 6-in. by 34-in. 
by #-in. angles top and bottom, braced together 
with 2}-in. by }-in. flats. 

The arrangement of the riveting at the panel 
point A, (Fig. 35) on Plate XLV with our issue of 
the 2nd inst., where the truss members meet the 
end of the rolling segment, may be of interest as 
showing the heavy class of riveting required both in 
shopwork and at the site, in this type of bridge. 

The cross girders, of which there are nine, are 
hung from the bottom of the trusses. At the 
bottom panel points, as at L, and L,, the }-in. 
gusset plates are extended down around the web 
of the cross girder, to which they are connected by 
4-in. by 4-in. by }-in. by 2-ft. 88-in. angle cleats, 
and in addition a plate diaphragm between the 
bottom boom is provided to which the cross girder 
is attached by double covers. The rivets through 
the connections are 1 in. diameter. Below the top 
panel points, as at L, and L,, the cross girder is 
attached to the vertical post, which transmits the 
load to the panel point, by heavy cover plates. 
Double }-in. gusset plates are also provided, riveted 
to the bottom boom, which serve to stiffen the cross 
girders fore and aft. 

The deck on both railway and highway portions 
is of g-in. flat plates stiffened by angles, and riveted 
to the cross girders and longitudinal and bottom 
booms of main trusses. This flooring, the guard rails, 
and the method of retaining the permanent way are 
similar throughout the bridge, and will be described 
later when dealing with the fixed epans. 

This arrangement of overhead trussing, with the 
plated deck and the rigid connections to the ballast 
box extending across the full width of the bridge 
produced an exceptionally well braced and rigid 
structure. 

A close boarded fence reaching to 6 ft. 8} in. 
above the bottom boom is provided between the rail- 





way and highway. This is shown in part elevation 
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TABLE I.—CALCULATED COUNTERWEIGHT REQUIRED AT EACH STAGE, ASSUMING A WIND VELOCITY OF 80 MILES PER 
HOUR (20 LB. PER SQ. FT.), AND THAT THERE IS NO PRESSURE ON THE STRUTS UNDER THE QUADRANT OR PULL ON 
THE RACK GIRDER. THE COUNTERWEIGHT IS ASSUMED TO BE SPREAD EVENLY UPON THE BACK OF THE BALLAST BOX. 


Direction of 
Wind. 


From right 


From left 


Moments. 


Counter weight. 





667 tons x 11.3 ft. 
= — 7,587 ft.-tons 
Do. 


Wind. 


3,900 sq. ft. x 20 Ib. 
2,240 

= — 1,560 ft.-tons 
+ Do. 


x 46 ft. 


7,537 


= 


14 ft. 


— 538 tons 
— 538 tons 


Wind. 


Total. 


— 538 and — 111 


= 649 tons 
= — 538 and + 111 


This does not include for 
permanent way, railway, or 
roadway, floor plating, hand- 
rails or machinery. 


= 427 tons 





5,000 sq. ft. x 20 Ib. 
2,240 

= — 2,859 ft.-tons = — 810 tons 

Do. = — 810 tons 


From right 772 tons x 14.7 ft. x 64 ft. 11,348 — 14 ft. — 810 and — 204 


= 1,014 tons 
— 810 and + 204 
= 606 tons 


= — 11,348 ft.-tons. 
From left ee = — - Do. 





6,100 sq. ft. x 20 Ib. 
2,240 

— 4,537 ft.-tons 
+ Do. 


From right 873 tons x 18.3 ft. 


= — 15,976 ft.-tons = 
Do. 


x 83 ft. > 14 ft. — 1,141 and — 324 
1,141 tons 


= 1,465 tons 
1,141 tons 


= — 1,141'and + 324 
= 817 tons 


From left ee = — 








2,240 
2,240 
= — 4,786 ft.-tons 


From right 873 tons x 18.3 ft. x 83 ft. This does not include for 


permanent way, railway, or 

roadway, handrails, or 

Machinery; but a rtion 

of floor plating, &., is 
1,511 tons included. 

— 1,169 and + 342 

= 827 tons 


12 tons x 33 ft. Panel 1 x 35.5 ft. + 14 ft. — 1,169 and — 342 


1,169 tons ‘ is 


= — 16,372 ft.-tons 
— Do. 1,169 tons 


From left 


= > 











6,100 sq. ft. x 20 Ib. 
2,240 

790 sq. ft. x 20 Ib. 
2,240 

765 sq. ft. x 20 Ib. 
2,240 


= — 5,169 ft.-tons 
=+ Do. 


From right 873 tons x 18.3 ft. x 83 ft. 





12 tons x 33 ft. Panel 1. x 35.5 ft. 


11.1 tons x 35.8 ft. Panel 2 x 56 ft. ~ 14 ft. — 1,198 and — 369 


= 1,567 tons 
— 1,198 and + 369 
= 829 tons 


1,198 tons 


= — 16,769 ft.-tons 
Do. 1,198 tons 


From left éa = — 





6,100 sq. ft. x 20 1b. 
2,240 
790'sq. ft. x 20 Ib. 
2,240 
2,240 


765 sq. ft. x 20 Ib. 
2,240 

= — 5,685 ft.-tons 
=+ Do. 


From right 873 tons x 18.3 ft. 


12 tons x 33 ft. Panel 1 


11.1 tons x 35.8ft. Panel 2 


11.1 tons x 38.6 ft. Panel 3 


= — 17,197 ft.-tons 
= — Bo 


x 75.5 ft. — 1,228 and — 406 
= 1,634 tons 

— 1,228 and + 406 
= 822 tons 


From left 








6,100 sq. ft. x 20 1b. 

2,240 

790 sq. ft. x 20 Ib. 

2,240 

765 sq. ft. x 20 Ib. 

2,240 

765 sq. ft. x 20 Ib. 

2,240 

765 sq. ft. x 20 Ib. 

2,240 

= — ft.-tons 17,657 = ft.-tons = — 1,261 tons = 
— Do. + Do. = — 1,261 tons = 


From right 873 tons x 18.3 ft. = 15,976 x 83ft.= 4,537 


12 tons x 33ft. = 396 x 35.5 ft. 249 





11.1 tons x 35.8 ft. = 397 x56 ft. = 383 


11.1 tons x 38.6 ft. = 428 x75.5ft.= 516 


11.1 tons x 41.4 ft.= 460 x 95 ft. 17,657 + 14 ft. 6,334 — 14 ft. 


— 453 tons 
+ 453 tons 


— 1,261 and — 453 


= 1,714 tons 
— 1,261 and + 453 
= 808 tons 


From left 























at the nose end of span, Fig. 63, on Plate LIII, | the centre line of the south or “A” track girder| ment one to the other until the ballast box and 
while details of the steel framing for the same are | was given by a theodolite set up on the land span | first portal bracing were built and riveted. The 
continued throughout this view. | and sighted to the centre of the bearing block of the segments were allowed to take their natural position 
We may now describe the work of building the | corresponding girder of the lift span resting on pier | on the tracks. 
Scherzer roller lift span, which as already described| No. 2. The track girder was set to this line,| Afterwards the ballast box was built, and by its 
was effected vertically, and thus there was no/| plumbed and securely fastened to grillages. After-| weight it gradually rolled the segments back until 
obstruction of the river traffic during the con-| wards the other two girders were set off from this as | the box rested on the stop blocks provided for it 
struction. Figs. 72 to 75 on Plate LIV are illus-| base, by cross and diagonal measurements by tape. | on the east land span. Lastly, timber struts, two 
trations from photographs taken at successive! Finally the connections of the cross girders and | to each segment, were added, from the track to the 
stages of the work. the bracings were drilled and riveted, the flooring | segments, and any slight variation in the height of 
For the erection of the rolling lift span two 15-ton | plates, &c., added and the structural steelwork| the point of the segments above the tracks was 
steam cranes were placed covering the job, and incompleted. Lastly the cast-steel track plates were | carefully adjusted. Daily check measurements of 
such relative positions that they could act together | placed and aligned and squared -off accurately | the alignment of the segments were made until 
for the heavier lifts. The half of each track girder | from the same base line by wires stretched with a| the main parts of the ballast box and portal were 
was first assembled on its flat and the centre joint constant weight. When all was set, holes for bolts riveted. The erection of the span then proceeded, 
riveted by a hydraulic riveter. The two halves were were drilled with a battery of four pneumatic | firstly by means of a 15-ton crane lifted to the top 
up-ended, steel and cast-iron blocks inserted, the | drills, the bearing surfaces coated with red lead, | of the ballast box. This was used as far as it would 
halves brought together and bolted, and the end and and the track plates bolted down. reach, and then there was erected another 15-ton 
bearing plates riveted in place; finally each girder| The segmental girders were then assembled in a| crane on a staging built on the steelwork, and by 
was skidded into position and lowered to its ‘similar manner to the track girders, the two parts | the latter the erection was finished to the point of 
grillages, which previously had been set with the | of each half segment being first assembled on the| the span. These successive stages are illustrated 
greatest care. The cross girders and bracings were | flat, the centre joint riveted, and the piece up-ended by Figs. 72 to 75, on Plate LIV. 
assembled on blockings in their position ready for | and assembled with the corresponding half in their! As the erection proceeded concrete ballast was 
connections to be bored after the track girders | position on the track on a section of track plate, | added from time to time in the counterweight box 
had been aligned. The alignment of the three | the remaining track plates added, and the dia-| tokeepthe balance witha preponderance for stability 
track girders was carried out with the greatest | phragms riveted. Temporary angle bracings were | in the vertical position. Table I and diagrams, which 
possible accuracy. After all parts were assembled, | then added to keep the segments in proper align- are reproduced in Figs. 76 to 78, were prepared 
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TABLE IIl—THE RESULTING MAXIMUM PRESSURES ON THE BUMPING BLOCKS FROM THE WIND ON THE UNDERSIDE 
OF THE BRIDGE, PLUS THE DEAD LOAD. 













































































Moments. Counterweight Due to 
Pressure 
Case. | Direction of Unbalanced on Bumpi Condition. Remarks. 
Wind. Dead 20 Lb. Counter- Dead 20 Lb. Total Moment. Blocks. 
Load. Wind. weight. Load. Wind. . 
ft.-tons. ft.-tons. ft.-tons. tons. tons. tons. ft.-tons. tons. 
1 No wind --| — 7,537 _ + 9,097 538 lll 649 1,560 + 30.2 = 51.6 | Dead load only. No floor plating .. 
From left ..| — 7,537 + 1,560 + 9,097 538 lll 649 3,120 + 30.2 = 103.2 | Dead load and wind. No floor plating 
3 1A No wind --| — 7,933 - + 9,742 567 129 696 * 1,809 + 30.2 = 60.0 | Dead load only. 1 panel of plating .. 
From left ..| — 7,933 + 1,809 + 9,742 567 129 696 3,618 — 30.2 = 120.0 | Dead load + wind. 1 panel of plating 
1B No wind --| — 8,330 — + 10,522 595 157 752 2,192 + 30.2 = 72.5 | Dead load only. 2 panels of plating .. 
From left ..| — 8,330 + 2,192 | + 10,522 595 157 752 4,384 + 30.2 = 145.0 | Deadload + wind. 2 panels of plating 
“Lo No wind --| — 8,758 - + 11,466 625 194 819 2,708 + 30.2 = 90.0 | Dead load only. 3 panels of plati - 
From left ..| —- 8,758 + 2,708 + 11,466 625 194 819 5,416 — 30.2 = 180.0 | Deadload + wind. 3 panels of plating 
1D No wind --| — 9,218 — + 12,575 658 240 898 3,357 + 30.2 = 111.1 | Dead load only. 4 panels of plati a 
From left ..| — 9,218 + 3,357 + 12,575 658 240 898 6,714 + 30.2 = 222.2 Dead load + wind. 4 panels of plating 
2D No wind -. | — 13,029 _ + 17,685 931 332 1,263 4,656 + 30.2 = 154.0 | Dead load only. 4 panels of plati 6s 
From left ..| — 13,029 + 4,656 + 17,685 931 332 1,263 9,312 — 30.2 = 308.0 | Deadload + wind. 4 panels of plating 
‘2e | Nowind~ ..| — 13,519 _ + + | + 18,957 965 389 1,354 5,438 - 30.2 = 180.0 | Dead load only. 5 panels of plating i 
From left --| — 13,519 + 5,438 + 18,957 965 389 1,354 10,876 + 30.2 = 360.0 | Deadload + wind. 5 panels of plating 
2F No wind -» | — 14,041 = + 20,395 1,003 452 1,457 6,354 — 30.2 = 210.4 | Dead load only. 6 panels of plating .. 
From left ..| — 14,041 + 6,354 + 20,395 1,003 452 1,457 12,708 + 30.2 420.8 | Deadload + wind. 6 panels of plating 
3F No wind --| — 18,669 — + 26,701 1,333 574 1,907 8,032 + 30.2 = 266.0 | Dead load only. 6 panels of pew J ..| Total Exceeds 
From left ..| — 18,669 + 8,032 + 26,701 1,333 574 1,907 16,040 + 30.2 = 532.0 | Deadload + wind. 6 panels of plating counterweight. 


























Maximum pressure on bumping blocks not to exceed 325 tons. 


TABLE IIJ.—DATA AS TO COMPLETED BRIDGE, INCLUDING ALL PERMANENT WAY FOR RAILWAY AND ROADWAY. 
































































Moments. Counterweight Due to 
} Pressure 
Case. | Direction of Unbalanced on Bumping Pull on Condition. Remarks. 
Wind. Dead 20 Lb. Counter- Dead 20 Lb. Moment. Blocks. Racks. 
Load. Wind. weight. Load. Wind. Total. 
ft.-tons. ft.-tons. ft.-tons. tons. tons. tons. ft.-tons. tons. tons. 
Special} No wind -.| — 45,360 = + 45,360 1,781 _ 1,781 0 None 0 Bridge complete 
Do From left ..| — 45,360 + 10,368 + 45,360 1,781 _ 1,781 + 10,368 + 30.2 = 343.0 0 Do. Rack pinion under repair. 
Do. | From right ..| — 45,360 — 10,368 + 45,360 1,781 —_ 1,781 — 10,368 — 28.0 = 370 Do. Bridge open. 
(approx.) 
MAXIMUM PERMISSIBLE UNBALANCED utssy: E OF 
x BALLAST BOX ON REST BLOCKS ON LAND SPAN DURING ERECTION. 
Fig.79. Total 325 Tone 
F y ‘ 
100 Tone 157 Tons 68 Tons 
Ballast . Box 
Rest Block 
Block, 
Land 3 Spar 
Bre 29' 3° “| 24". 3* 
(5264.6) | 








previous to the erection and show the required 
minimum amount of ballast to balance the dead load 
plus a 20-lb. wind pressure in either direction at 
the various stages. Three definite stages of the 
erection are shown in Figs. 79, 80 and 81, with their 
respective centres of gravity and centres of wind 
pressure. In Fig. 79 the variations due to the 
addition of the-floor plating in the four lower panels 
are given. Table I shows the calculated amount 
of counterweight required for the various stages 
due to the wind, or dead load separately. Table 
| II shows the resulting maximum pressures on the 
bumping blocks, from wind on underside of the 
bridge plus dead load, assuming the gudgeon and 
pinions are not connected to the rack girder frames. 
After investigation it was found that the main 
girders of the land span carrying the bumping blocks 
were capable of carrying a concentrated load of 325 
tons on the blocks (Fig. 79), in the place of the usual - 
live load ; this determined the permissible amount 
of ballast that could be placed in the counterweight 
box at this stage. Before the erection reached a 
stage shown by Case 2D the gudgeon and pinions 
were connected with the rack girder frames so that 
| any further pressures due to wind were carried down 
'to the rack frame anchorages. From Table III 
| will be seen the maximum pressure on the bumping 


| $ 
NoTe.—In calculating the posed surf the wind has bee med to bi t a slight angle to the axis of the brid, blocks when the racks ere under sa ide the 
— ing the ex surfaces the win nm assu iow at a angle axis of the ge so | * : “ 
as to take effect on top and bottom booms and web members. To allow for this assumption and for any negative pressures the maximum horizontal force on the gudgeon pins, 
following values were taken :—Twice the area of top flanges at right angles to the axis of the bridge, 1} times the width of | when the bridge is completed and all permanent 
cross girders and stringers and the actual exposed areas of ballast box and machinery platform. The centre of pressure has way and decking is in ition. 
been assumed to be in the centroid of the calculated surfaces. y & — 
a eh The actual weight of ballast in the counterweight 
e weights given at the centre of gravity do not include for :—Counterweight, permanent way of railway rails, timber | box is about 1,800 tons space being left on the bo 
and cement concrete); permanent way of roadway (timber, decking and expansion plates) [floor ing, guard channels, , “ : * ing b> tal 
brackets and kerb = 91 tons total], AP A gear, buffer ont operating ae thn for considerable adjustment, the ballast is made up 
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with about 1,600 tons of slag concrete, weighing 
162 lbs. per cubic foot, and 200 tons of old rails, &c. 
The weight of the leaf excluding ballast is 1,120 
tons, and the total rolling weight of the complete 
bridge is about 2,920 tons. 

While dealing with the erection cf the lifting span 
it may be well to describe the setting out of the 
machinery, although a detailed description of it 
will not be given until later. As is well known 
in this type of opening bridge, the operating pinions 
are located at the axis of rotation of the rolling | 
segments. Thus the locus of travel of these pinions | 
is in an horizontal plane, the track plates, on which 
the segments roll, being horizontal. The second | 
condition for the setting out, which follows from the | 
first, is that the racks with which the main pinions | 











———_ 












































engage, must also be horizontal. The setting of the 
racks was taken in hand first. There are two of 
these racks, one on each side of bridge. That on 
the upstream side is shown in the perspective view 
in Fig. 43, Plate XLVI with out issue of 2nd inst. 
As shown, the rack, with its supporting girder, is 
carried on two vertical posts, whilst the longitudinal 
stresses which amount to 370 tons with a 20-lb. 
wind are taken by diagonal struts meeting at the 
centre. A field joint was provided at the top of 
each pest and each post was made } in. long. The 
posts were first erected and completely riveted 
to the track span. Vertical measurements were 
then made from the surface of the track plates, and 
the posts cut to the correct height. The rack girders 
were erected, the cover plates drilled, and the job 
bolted. up. It was estimated that the track and 
. segmentai girders would deflect 4 in. under the rolling 
load of the lifting span. This would have caused 
the pinions to sink deeper into gear by the same 
amount at the centre of track)span, if the rack 
girders had been left horizontal. Therefore, before 
drilling the cover plates for the diagonal struts, the 
rack girders were drawn down in the centie until 
they had a reverse camber of } in., and were then 
secured in that position. Finally, riveting was 
completed. 

Later, the racks, which were in sections 6 ft. 
long, were aligned on the rack girders in the usual 
manner, being set parallel to the centre line of the 
track plates. They were secured to the girders 
by fitted bolts. Jt is important that these bolts 


stresses which come on the racks when the span 
is lifted in high winds. To attain this, the first 
section next the river was set and bolted down, 
and the other sections, after alignment, were 
drawn tight up to the first by means of large folding 
wedges placed at the land end of the racks, so that 
the machined ends of the rack sections made a 
perfect butt before the bolt holes were drilled. 
These wedges were permanent and served to transfer 
the rack stresses down the supports to the piers. 

In dealing with the machinery on the lifting span, 
the centre of rotation was first scribed on A and C— 
the outer—girders, from the machined surface of 
the rolling segments, by means of a trammel 28 
ft. long. A wire, stretched from side to side of 
the bridge through these two points, formed the 





6 0&From Girder'C~ 


base line from which all the machinery on the lifting 
span was set. The two main pinions are each 
carried on a gudgeon pin turning in bearings fixed 
to A and C girders and the heavy portal steelwork 
between them and the centre or B girder. Holes 
had been provided for these bearings, but were 
left } in. small in diameter, to be bored out to the 
true diameter at the site, from the scribed centre 
of rotation. 
The boring gear used is illustrated in Figs. 80 
and 81, which show respectively a side elevation of 
the gear, a vertical section, and a sectional plan. As 
shown, a boring bar was supported on suitable 
bearings. This bar was driven by a motor through 
a belt drive and worm and wormwheel. The boring 
bar was centred on the scribed axis of rotation, and 
bored out the holes to the exact diameters. 
Afterwards, the main gear, &c., was set out in the 
usual manner from the axis of rotation as base line. 
The motors, differential gear, brakes, &c., were 
located on one platform. This gear was fitted on 
the platform in Glasgow and was self-contained, 
so that the work at the site consisted in the true 
alignment of the platform—a comparatively simple 
operation. As we have already stated we shall 
later on describe all the gear in detail. 


(To be continued.) 





American Concrete Surps.—According to The 
Marine Journal, New York, the American Cement 


THE ARMAMENT OF AEROPLANES. 


In an article published in the French journal La 
Nature on the ‘‘ German Technics of Aerial Armament,” 
the author, after reviewing the characteristic features 
of the different classes of aeroplanes, speed, manageable- 
ness, armament, altitude, &c., states that armament 
remains the decisive factor in an aerial fight. : 
At first the aeroplanes were simply armed with a 
rifles ; then they were made to carry quick-firing guns 
fitted on an extempore mounting. Most of the French 
machines being of the “‘ pusher” type had, as shown 
in Fig. 1, which illustrates a Farman 1915 machine, a 
considerable dead angle in the rear which greatly 
facilitated surprise attacks. Moreover, the quick- 
firing gun being mounted on a pivot in front of the 
nacelle, made it difficult to defend the aeroplane on the 
sides (Fig. 2). The German aeroplanes being “ tractor” 
machines, carried their quick-firing guns in the rear 


Fig.2. 























and the dead angle was in front, under the supervision 
of the pilot, as shown in Figs. 3 and 4, which illustrate 
an Aviatik 1915 machine. There was in the early days 
of military aviation a lack of precision in the firing, 
which was due to several causes. In the first place, 
errors were made in aiming, due to the relative speed 
of the two machines; there were, further, errors 
caused by the vibrations of the guns themselves, 
which were of too light a build ; and also errors attri- 
butable to the difficult position which the gunner had 
to take to fire—for example, in the direction of O in 
Fig. 2. Moreover, difficulties surrounded the working 
of the gun in a wind velocity of 100 km. (62 miles) per 
hour. Further, the trajectories of the rounds fired in 
the direction of O in Fig. 5 were influenced by different 
forces, i.e., the lateral initial velocity due to the speed 
of the aeroplane (force V in Fig. 6), the side wind on 
the bullet, also due to the speed of the aeroplane 
(force L in Fig. 6), two forces V and L which, com- 
pounded with that representing the initial velocity I, 
modified the trajectory. ; : 
The next period in aerial warfare is that in which 
the armament was organised on board aeroplanes 
specialised in regard to the missions they had to fulfil. 
hree main arrangements were adopted, both in 
France and by the enemy : (1) Fixed quick-firing guns, 
firing in front above or through the propeller (single- 
seaters); (2) fixed quick-firing guns, one as in the 
former instance, to which was added a second gun 





Ship Company is contemplating the establishment of a 
line of cement steamers to ply between Boston and 





should each take their proper share of the high 





South America. 


mounted on a turret for astern firing ees 
3) front firing by a quick-firing gun moun on a 
aot astern firing by a similar gun, and firing below 
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the fuselage by a quick-firing gun mounted on a pivot 

(three-seaters ). . 
The Nieuport chasing biplanes were the first 

mount a fixed quick-firing gun to fire above the pro- 


peller (see Fig. 7). The main disadvantage of mount- 
ing the gun in this position, besides the great air 
resistance it offered, was the difficulty of feeding the 
ammunition. The pilot had to pivot the gun down to 
remove the empty disc and replace it by a fresh one 
containing 47 rounds, and these were rapidly expended 
when firing at the rate of from 300 to 400 rounds per 
minute. The difficulties were such that the pilot of the 
first Nieuport machines was compelled to abandon a 
fight when he had not obtained a decisive result with 
his first disc of cartridges. Garros was the first to fire 
a fixed quick-firing gun through the propeller. The 
gun was worked at its normal s , and two very 
hard steel sleeves (Figs. 8 and 9) were fitted in the pro- 
peller blades, forming passages for the bullets. The 
number of balls which struck the sleeves and were lost 
amounted to less than 7 per cent. or 8 per cent., a 
negligible quantity. But this method was rapidly 
abandoned, since it entailed a loss of speed of about 
20 km. (over 12 miles) hour. Owing to the trans- 
formation the propeller fost a part of its tractive force. 
The Germans mounted a fixed quick-firing firihg 
through the propeller on their chasing Fokker of 
1915-16 (see Fig. 10).. The gun fires through the pro- 
Peller, but it is combined with the engine and its 





firing is synchronous with the working of the engine. 
The governing of the gun by the engine is effected by 
® rigid gear (Fokker, Albatross D. Halberstadt, &c.) | 


or by flexible gear (Alba- 
tross C. Rumpler C). 
The pilot starts firing at 














will by acting upon a 
Bowden lever. The ap- 
plication of synchronous 
firing with the running 





of the engine has been 
adopted on most of 
the French and enemy 
machines. The gun is 
sheltered by the engine 
bonnet, as illustrated in 
Fig. 11, which shows 

rt of an Albatross 1917. 
Tt is easily supplied with 
ammunition and thrown 
out of gear. The car- 
tridge magazines can 
contain belts of 800 to 
1,000 rounds. They are 
illustrated in Fig. 12. 
The German series of 
Albatross Dl, D3, Hal- 
berstadt, Roland D, Ago D, and Fokker D have each 
two fixed quick-firing guns firing through the pro- 
peller, each supplied with 1,000 rounds. Figs. 13 and 
14 show the chasing Albatross 1917. 

Another type of armament, used for two-seater and 
less fast machines, whose duty is to regulate gunfire, 
to take photographs and to carry out’ bombardments 
on a small scale, is shown in Figs. 15 and 16, which 

















Fia. 24. Maxim Gun. 


illustrate the angles of fire of an Albatross C, 1917. 
The series comprises the Albatross, Rumpler, Aviatik, 
L.V.G., all machines of class C, two-seaters, ~ pis 
speed of 140 km. to 160 km. (87 miles to 100 miles) 
per hour. Their armament is defensive; a quick- 
firing gun forward fires through the propeller; the 
rear quick-firing gun is mounted on a turret, A 
similar arrangement has been adopted in France. 
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The front gun is similar to those in use by the infantry ; 
the rear one is much lighter. 

A further type of armament is that which is provided 
on the three-seater aeroplane, such as the Gotha, 
1916-17, illustrated in Figs. 17 and 18. In order to 
free the front part of the fuselage the machine has two 
engines and two propellers. In this series are the 
Gotha G, Friedrichshafen G, A.E.G. G, and Rumpler 
G. Their speed is about 150 km. (93 miles) per hour. 
The armament consists of a quick-firing gun movable 
on a turret forward, and one aft, a third gun being 
mounted on a pivot and firing downwards below the 
fuselage. This large machine is difficult to attack ; 
it is bound to develop, since the adequate protection 
of medium-size aeroplanes is a difficult problem, and 
the bombing of centres at a distance becomés more and 
more a necessary undertaking for paralysing the enemy’s 
industrial activity and as a reprisal for his barbarity. 

Although the adoption of a fixed quick-firing gun 
which fires in the axis of the route followed by the 
aeroplane does away with a part of the forces which 
disadjust firing, all these difficulties have to be over- 
come in the case of the movable guns ; moreover, in 
the case of the fixed guns, lack of precision has to be 
accounted for owing to the relative speed of the two 
machines. The correction required is an important 
one if the two machines fly perpendicularly to each 
other, as in Fig. 19; the machine A has to aim at C, 
the angle BAC giving the extent of the correction. 
The correction is less in Fig. 20 and is nil in Fig. 21. 
The required correction is obtained by means of special 
aiming devices which cannot yet be described. 

The ammunition now used by the Germans is 
illustrated in Fig. 22; it contains ordinary, perforating, 
incendiary and explosive bullets. The incendiary 
bullets are hollow and filled with an incendiary material 
the basis of which is phosphorus ; these bullets produce 
a trail of light, the object of which is to fire airships 
and petrol tanks,*and also to enable the gunner to 
correct his range. The perforating bullets consist of a 
hardened steel core surrounded by a German-silver 
cover. The belts contain about 10 per cent. or 15 per 
cent. of explosive bullets, the action of which is that 
of small explosive shells. 

In Fig. 23 we illustrate a Parabellum gun the 
references to which are the following: A, side roller 
for carrying a belt of 250 cartridges ; B, bag into which 
the empty cartridge cases are ejected ; C, jointed fork ; 
D, rolling support on the turret. The gun weighs 
12 k. (26.4 lb.); with 250 cartridges and accessories 
the weight is 32 k. (70.5 lb). A Maxim gun is shown 
in Fig. 24, in which A is the synchronising device with 
the engine and B the Bowden grip regulating firing. 
The gun weighs 13.3 k, (29.3 lb); with 500 cartridges, 
and including the support the weight is 36 k. (79.3 Ib.). 





Tue InstiruTIon oF WatTEeR EnNGINEERS.— The 
winter meeting will take place in the Geological Society’s 
Rooms, Burlington House, Piccadilly, London, on 
Friday, December 7, at 2.15 p.m. There will be a 
discussion on Water Supplies as Sources of Power, 
opened by Mr. C. H. Roberts, M.Inst.C.E., and two 
peo on the theory and practice of air-lift pumpi 
y Mr. C. Anthony, M.Inst.C.E., and Mr. A. Hw 
Jameson respectively. 


Gas For INDusTRIAL PuRPosges.—Mr. Harry Jones, 
in his presidential address to the Institution of Civil 
Engineers, delivered on the 6th inst., said that Sir Robert 
Hadfield had stated that in his Sheffield works he used as 
much as 500,000,000 cub. ft. of gas per annum for smelting 
and metallurgical purposes ; that figure represented the 
output of 45,000 tons of coal. Mr. Jones added that 
Mr. Hanbury Thomas, the manager of the Sheffield Gas 
Company, had stated that his company had no less than 
642 furnaces, consuming 372,000,000 cub. ft. of gas, 
at work in his district, while 15,116 h.p. gas engines 
consumed 789,000,000 cub. ft. 


Honours to Navat Enetneers.—The King has 
been graciously pleased to approve of the award of the 
following honours to Navy engineers, among others :— 
(a) For services in action with enemy submarines: To 


receive the Disti Service Cross—Engineer- 
Lieutenant W. B. McDonald, R.N.R. (since killed) ; 
to receive the Distinguished Service Medal—Engine- 


Room Artificers R. J. Ballantyne and W. Swapp; to 
receive a Bar to the Distinquished Service Medal 
Engineer Lieut t-Co dear W. A. Carlisle, R.N., 
Engineer-Lieutenants L. J. Jeffrey, R.N.R., and F. 
W. Axtens, R.N.R., Acting ineers A. H. Benfield, 
R.N., and F. H. Knowles, R.N., and Engine-Room 
Artificer P. R. Blacklock. (6) For services in the 
mercantile marine: To receive the Distinguished 
Oross——Chief Engineer O. H. Jelley; Commended— 
Chief Baginest B. W. Newton. The King of Italy 
has conferred Silver Medals for Military Valour upon 
‘Engineer-Commanders W.-©. Johnson, R.N:, and 
G..H. Seullard, R.N., Engineer- Lieutenant-Commander 
Morgan, R.N., Engineer-Lieutenant Mck: Dallas, R.N., 
and -Chief Engine-Room Artifjcers: G.. G. Hill and J. 
Searle; and Bronze Medals for Mili Valour upon 
Chief Engine-Room Artificer T. W. Hole and Engine- 
‘ Rooni Aftificer T. J. Oliver. : . " 
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TERMS OF CONTRACT. 


To THE Eprror or ENGINEERING. 
important subject, and the suggestions of your corres- 


appropriate. 


machinery, and member of the Merchant Shipbuildi 


unique opportunities of studying the merits of 
systems. He is also the writer of a recent - 
entitled ‘‘The Rowan Premium Bonus Sys 


“Terms of Contract Problem.” 
reason why the proposed basis of contract s 
in your issue of Octo 
be adopted,* and the following figures may be used to 


be used. 
ratios are correct, and therefore we may take those 
undermentioned, namely :— 


£ 
Material ... 60 
Labour 40 
On-cost ... 40 = (10 per cent. on M and L, 
Profit 10 or 7 per cent. on M, 
_——- , O). 
Total 150 


Examples 1, 2 and 3 show a reduction of 5 per cent., 
10 per cent. and 15 per cent. respectively on the total 
expenditure in respect of M plus L plus O. 








(1) M plus L plus O ove 140 
5 per cent reduction ... - % 
Cost... ous = 133 
Profit £7 per cent. plus 5 
per cent. £9.31 
plus £0.4655 = 9.7755 
Contract price plus premium... = 142.7755 
(2) Cost = 126 
Profit = 9.702 
Contract price plus premium = 135.702 
(3) Cost = 119 
Profit = 9.5795 
Contract price plus premium... = 128.5795 


The above scheme is on all fours with the Rowan plan 


labour, and even the formula is similar, thus in place of : 
Time taken X time saved 
Time allowed 
50 x 50 25 hours, which at le. 
100. per hour = 25s. 





= premium (hours), 
say 


Substitute— 


Estimated - mated profit), 
say 70 x 70 _ 35 per cent. of £7 per cent. = 
140 7 £2.45 





and (6). 
£ 
(4) M plus L plus O = 140.0 
5 per cent reduction = 17.0 
Cost sia hia STh ia = 133.0 
Profit = 101. plus 5 per cent. = 10.5 
Contract price plus premium = 143.5 
(5) Cost ese ses wad = 126.0 
Profit = 10/. plus 10 per cent. = 11.0 
Contract price plus premium = 137.0 
(6) Cost ase -_ ges = 119.0 
Profit = 101. plus 15 percent. ... = 11.5 
Contract price plus premium ... = 130.5 
Yours faithfully, 
tolder’s Green, N.W. W. J. Grosarrt. 





FARADAY SOCIETY PYROMETRY 
DISCUSSION. 


To THe Eprror or ENGINEERING. 


“ 


Burgess in American steel works and myself here 
probably due to the glass which B 
might be inferred that I had criticised 


Sir,—Your leading article of September 21, on this 
pondents “ Shipbuilder” and ‘ M.Inst.C.E.” are very 


t should be a very simple matter to adopt the proposal 
to institute a bonus system for employers as well as for 
workmen, and it seems strange that an idea of this kind 
did not occur to Mr. W. Rowan Thomson, Director of | tem 


n 
Advisory Committee; who, as an employer, has had 
remium 
lication 
tem of 
Payment by Results,” in which he expresses himself 
most enthusiastically regarding the virtues of the methods 
he advocates. If it be true that “ what is sauce for the 
goose is sauce for the gander” the “‘ Rowan Premium 
System ” should afford a very effective solution of the 
There is no cogent 
ested 
r 5 by “ M.Inst.C.E.” should not 


illustrate. how ‘“ The Rowan Premium System” might 
It does not affect the question whether the 


in operation in connection with the remuneration of 


Cost x saving _ premium (per cent. of esti- 


Sir,—In your otherwise admirable summary of my 
per, on “The Determination of the Temperature of 
iquid Steel under Industrial Conditions,” I am made 
to suggest-that the difference in results obtained by 
was 
used,”’ and it 
urgess. Nothing 


was further from my mind. Burgess used glass of 
0.65 u, which is the best wave-length to employ in 
optical pyrometers, as is well known. Owing to circum- 
stances which were explained by Mr. Whipple at the 
meeting the instruments which I, among some other 
workers, have been using for some time employs 0.70 x, 
which is an unusual wave-length for this purpose and not 
the best. When I found out that I was using a wave- 
length of approximately 0.70 uw it was a simple matter 
to apply the necessary corrections to the observed 
peratures and, allowing for the fact that Burgess 
and myself were dealing with different steels, we are in 
substantial agreement. That I should have been able 
to trace what was originally a difference in results 
obtained by Burgess and myself to the employment of 
unusual wave-length in the instruments supplied to me 
rather confirms my suggestion that the apparent tempera- 
tures recorded in my paper were observed with a con- 
siderably ater degree of accuracy than one would 
expect under industrial conditions. 
Yours very truly, 

November 18, 1917. Cosmo Jouns. 

[Mr. Cosmo Johns spoke of the valuable investigations 
by Dr. Burgess, but we certainly also understood him to 
say, at the end of his remarks, that the glass might be 
at fault in cases in which he did not agree with Dr. 
Burgess.—Ep. E.] 








DRAUGHTSMEN. 
To THE Eprror or ENGINEERING. 

S1r,—The formation of the Association of Engineering 
and Shipbuilding Draughtsmen seems to have come as 
a considerable surprise to many employers, who seem 
to think the draughtsman is forfeiting his independence 
and individuality by adopting a policy of banding 
together. The present tendency of modern drawing- 
office administration seems to be towards crushing 
individualism, and making men automatic. 

It is a uliar fact that in the small firms a man has 
individual freedom, and must have high qualifications, 
and accept large responsibility, although he has to be 
content with a small salary. 

In some of the large firms he has little or no indi- 
viduality, has less responsibility, receives a larger, but 
not necessarily adequate salary, and has to submit to 
irritating conditions. A young man entering a small 
company’s drawing office full of energy and future hopes, 
is given the best work he can do, and encouraged to be 
self-reliant. He foregoes salary, thinking by thus 
obtaining sound experience he will eventually find a good 

osition elsewhere. Upon obtaining this relatively 

tter-paid position in the larger firm he finds that what 
is required is output in drawings. A man’s ability 
cannot be Baten | by terms of lines drawn, a showy 
drawing may have involved little brain power, whereas 
a less involved looking design may have.taken careful 
thought, and scientific ability to produce. 

After a few years of the above experiences the draughts- 
man, if fortunate, branches out into some other depart- 
ment offering more scope, or otherwise in disgust accepts 
the inevitable, and ceases to attempt further progress in 
his professional attainments. 

I think that much of the trouble is due to lack of 
understanding, and that if the commercial gentlemen 
who usually control engineering companies will make 
a real endeavour to be just, and estimate the true value 
of their draughtsmen, taking into account the amount of 
experience and scientific study necessary to produce a 
qualified man, and pay him accordingly, our differences 
could be easily adjusted without seriously affecting their 
| dividends. 

Draughtsmen as a class are a reasonable body of 
men, and given justice, employers can rely on fair 





But as an alternative to the foregoing another scheme | demands, and loyal service. 
might be suggested, namely, to pay the profit agreed 
upon plus a premium, as shown by examples (4), (5) 


! 


| Yours respectfully, . 
‘“* A DRAUGHTSMAN. 


To THE Eprror oF ENGINEERING. 

S1r,—I notice that letters from various draughtsmen 
(particularly in your issue of November 9) advise the 
Association of Engineering and Shipbuilding Draughts- 
men to become a trade union and definitely ally them- 
selves with Labour. By doing this they would only 
— the present very prevalent idea that a 

ughtsman is a man who pushes a pencil about to 
someone else’s orders. A competent draughtsman 
(designer would be a better term) works almost entirely 
with his brain, and if he is ever to get any recognition 
of the fact must insist on describing himself as a pro- 
fessional man. I will take my own case, that of a 
leading draughtsman in a Government Department, 
as it is probably typical of many others. I get, perhaps, 
a sketch showing a rough rectangle with one or two 
irregular cireles distributed about it, and three or four 
dimensions added, and am instructed to get out a 
contrivance (I hope this term is vague enough to pass 
the Censor) to perform some specified function. I 
very ape md have to rough out the general design 
myself while supervising the working out of details 
and preparation of shop drawings by others. I require 
a good knowledge of the processes employed in manu- 
facture, and I must figure out the stresses produced 
when necessary, and I frequently have to make use 
of the higher branches of mathematics, and figure out 
special cases for myself. 

If I have not considerable scientific knowledge my 
design is bound to suffer, and I require imagination 
and judgment. enough to out my preliminary 








would agree to this. 


* Except that part which proposes to penalise the | 
contract in the event of the fixed price being exceeded. | later on. The qualities sketched above are. those 
No shipbuilder or engineer the writer has ever known 





carry 
work on broad and flexible lines or I shall be frequently 
compelled to begin again owing to difficulties encountered 


required of a professional man, and we shall be throwing 
away the substance for the shadow if we do not contend 


| 




















Nov. 23, 1917.] 


ENGINEERING. 


547 








for our rightful position as brain-workers. Nothing 
less will do us any permanent good, though a succession 
of strikes and disturbances might bring us a few more 
shillings a week in the present, coupled with a black 
outlook in the future. 

What we stand in need of is a society requiring a 
high standard of efficiency and general engineering 
knowledge in its members (without which the draughts- 
man is a nuisance to his chief and a danger to the com- 
munity), with the power to prevent the use of the 
term “draughtsman” by an incompetent man, and to 
introduce a better term such as “ designer” to describe 
a man versed in the higher branches of draughtsman- 
ship. Any such term should have a legal significance 
so that a man having the right to use it would be accepted 
in a court of law as being a competent person, unless 
evidence to the contrary were produced. Improved 
status and remuneration would follow. 

Such is the position attained by those brain-workers 
who have succeeded in convincing the general public 
that they are intellectual and valuable members of 
society, and they can all be grouped under the title 
“‘ professional men.” If the Association of Engineering 
and Shipbuilding Draughtsmen will work along such 
lines, while continuing to collect useful information 
as to the firms which appreciate good design and 
draughtsmanship and aré prepared to pay for it, it 
will do lasting good to its members by raising their 
status, and to the engineering world in general b 
helping to produce better draughtsmen. In the ee 
discussed ‘“‘ war after the war,” if success is to be 
ensured, the best brains available will be required 
in the drawing office as well as in the consulting room. 
At the present time the attractions offered consist of 
hard work, considerable responsibility, and very few 
rewards ; and if this situation is permit to continue, 
few men of any ability will be induced to come forward 
to undertake such work, particularly if they realise at 
the outset that they will be treated intellectually and 
commercially as of small account. 

In such a case the degradation of the draughtsman 
will only be a matter of time, and sooner or later a new 
class of technically-trained men will undertake under 
a new name, and under better conditions, all the higher 
class work now commonly done by draughtsmen, and 
the latter will find themselves permanently relegated 
to the position of “glorified tracers,” while the new- 
comers reap the reward the draughtsmen should have 
made their own. 

I am, Sir, yours faithfully, 
A. J. Knieut, B.Sc. (Lond.). 

66, Elmfield-road, Balham, 8.W. 

November 19, 1917. 





To THE Eprror or ENGINEERING. 

Sir,—I hope you will allow me further to trespass 
on your space to remark on the letter of “‘ Senior A.S.E.” 
(November 16 issue). 

The position of drawing-office men may be put in few 
words. Draughtsmen occupy a strong vantage ground 
in that their number is small as compared with the total 
wage-earners in engineering and shipbuilding for whom 
they prepare the first technical essentials to work of the 
industries concerned—about 1 per cent. to 3 per cent. 
as measured in wage figures, I should say. No body 
of employers is, therefore, likely to forego their profits 
and hold up their establishments, with scores of workmen 
to each individual draughtsman, provided the requests 
made are reasonable and presen with a united front. 
As the present wages of draughtsmen are certainly not 
what they should be, with regard to responsibilities, 
training necessary and social position to maintain, 
there seems good prospect of successful advance by 
reasonable stages as long as we keep the advantages 
due to our unique position. 

Consequently, working arrangements with the shop 
trade unions should be made by cordial co-operation 
of our association with such bodies when our interests 
demand it, just as we find the regular trade unions doing 
among themselves when (and only when) their particular 
interests are thereby served—not by direct binding 
amalgamations, nor, still less, by ee forsaking 
their strong position to join such —— ous organisations 
as the Amalgamated Society of Engineers, as your 
correspondent suggests. 

Further than this, a very large << of the 
membership of the Association of Engineering and 
Shipbuilding Draughtsmen is made up of men without 
a ification for joining the Amalgamated Society of 

ungineers, such as electrical, structural and ship 
draughtsmen, and is it to be inferred that a special 
association for these alone is s ? 
Yours faithfully, 
“* ACCELERANDO.” 





To THE Epiror or ENGINEERING. 

_Sir,—Your correspondent, ‘Senior A.8.E.,” has 
given embodiment to one of the strongest influences 
which in the past have prevented draughtsmen reapin 
the full reward ef their education, skill, and technical 
knowledge, and which have tended towards the lowering 
of the dignity and status of the profession. I refer to 
the influence of self-depreciation. 
_ His advice is tantamount to counselling authors to 
join the printers’ trade union, or advising medical men 
to become members of an association of funeral under- 
takers. The suggestion comes rather late in the day, 
however, draughtsmen having awakened to the fact 
that combination, as draughtsmen, is essential to their 
well-being, and the astonishing growth and present 
strength of the A.E.8.D. are eloquent reply to such 
counsels of abnegation. 

Your correspondent arouses: either suspicion of his 
bona fides or wonder at his childish simplicity. If the 





former view be correct, may his doctrines perish with 
him ; but if the latter, it will be n to point out 
to him and those who think with him, weet is implied 
by their policy. In the first place, the profession of 
draughtsmen is made up of specialists in various branches 
of industry, roughly classed as, architectural, electrical, 
engineering, shipbuilding and structural. Your corres- 
pondent will readily observe that membership of the 
A.8.E. is debarred to most of these classes. They would 
thus have to join other unions, and, in addition (as in the 
case of shipbuilding), where there is a choice of several 
unions for some of these classes, this would result in the 
complete dismemberment of the profession, the loss of 
common action, the loss of professional esprit-de-corps, 
and the entire loss of identity. 

In the second place, the spirit exhibited by “ our 
workmates in the shops” towards draughtsmen gener- 
ally, coupled with their comparatively small ——- 
of the ASE. or other such union, would not ten 
towards 7 enthusiastic prosecution of their claims, 
and especially so, in view of the present very unsatis- 
factory position of draughtsmen, and the great amount 
of work to be done on their behalf. 

Again, the inevitable result of your correspondent’s 
policy would be the payment of the engineer’s standard 
wages, to draughtsmen and the placing them on the 
level, in all respects, of the wolian engineer. It is 
extremely unlikely that the trade unions would seek 
the aggrandisement of those whom they already consider 
a too much favoured class ! 

It is the pathetic appeal of ‘“‘Senior A.S.E.” which 
arouses our suspicions of his bona . “The union 
which has helped us in the past.’”’ The good is oft 
interred with nien’s bones. So must it be in this case, 
for most of us had never heard of it. We are, if such 
be fact, very grateful, but all this is beside the mark. 
Union is strength, and in founding the A.E.8.D., we 
have taken cognizance of the truth that unity of ideals, 
of purpose and of identity is absolutely necessary to 
ensure harmony, enthusiasm and effort in the great 
task of establishing our profession in its true position, 
an aim which is altogether outside the province of the 
A.S8.E. or any other such body. 

Let me, in conclusion, counsel “Senior A.8S.E.” to 
be loyal, first, to his craft and to his fellows. Let the 
A.8.E, do their work. We shall do ours. 

I am, 
* LoYALty.” 





To Tue Eprror oF ENGINEERING. 

Sir,—The draughtsmen in general are under a deep 
debt of gratitude to you for allowing them the use of 
your valuable journal to discuss their status at the 
present moment. Being a draughtsman myself and a 
member of the Association of Engineering and Ship- 
building Draughtsmen, I have carefully read all the 
correspondence on the subjects at issue and have been 
pleased at the tone of the letters of all the writers, 
although naturally they could not see eye to eye in every 
detail. 

One thing I make out is absolutely certain, and that 
is that unless the draughtsmen have a strong association, 
both numerically and financially, they will be ignored 
to a large extent not only by Government departments 
but also by some masters. ere will, of course, always 
be a percentage of draughtsmen who will be able to 
receive due consideration of their merits, partly because 
of their outetanding abilities, but in a greater measure 
due to the employer with whom they are engaged, if he 
be a fair-minded gentleman and not a veritable slave- 
driver who is out to grind the last ounce of sap out of 
his employees at a minimum = 

Some of us are very fortunate in having good principals 
to work under, and in the event of the draughtsmen’s 
association making a combined effort to improve the lot 
of the poorly paid hands, these good firms would not 
suffer in the Gan. In point of fact, I believe they 
would inwardly wish success to such a move, as it would 
put all firms on a more equitable footing as regards 
competitive work in the markets. 

ere is only one other point I wish to refer to, and 
that is the remarks of ‘‘ An Old Draughtsman ”’ in your 
issue of the 9th inst. The second paragraph of his letter 
reads thus: “I have often noticed that a draughtsman 
with an outside hobby—music, art or literature, for 
example—goes ahead better than his colleague whose 
profession is his sole hobby, and this I think is because 
the former acquires broader views of life.” These 
remarks I consider very true, and I, too, have noted 
the same during my experience. Not only are they 
correct, but the possession of the ability to play, sing 
or recite, helps office chums to attain a measure of 
intimacy with each other which would otherwise be 
impossible, the old proverb being true in this sphere 
also—“ Birds of a feather flock together.” I could extend 
further on this point to prove my assertion, but refrain 
in case of being misinterpreted. 

Apologising for trespassing so much on your valuable 
space, 

I am, yours py 
“Work anp Pray.” 





WORM GEARING. 
To tHe Eprror or ENGINEERING. 

S1r,—In reply to the letter of Mr. Bostock on Worm 
Gearing, I would mention that the subject of spur gearing 
need not be introduced into the argument, and that in 
an argument it is hardly fair to say what the other man 
“would” or “ought” to say about something else 
without his consent. 

He admits that my definition of “‘ velocity of rubbing ” 
is correct, and yet fails to appreciate the results of 
accepting such a definition. I would remind him that a 





definition is an exact statement by which the meaning 
of some word or words is known or determined. In the 
case in point, since velocity of motion of the point of 
contact does not enter into the definition it cannot be 
“necessary,” as he says it is, to take it into account in 
computing the “ velocity of ge The matter is 
only one of a very simple nature. would like to ask 
Mr. Bostock how he accounts for the following fact :— 
If we have two surfaces, A B and C D, in contact as 
shown in the diagram, and AB moves 4 in. to A!B! 





(5300) 


while C D remains fixed, then there must have been 
heer of rubbing action, and whether the point of contact 
as moved either backwards or forwards due to an added 
rolling is quite immaterial and need not be taken into 
account in computing the amount of rubbing which has 
taken place. In his case he claims that the movement 
of the point of contact annihilates two-thirds of the 
rubbing. 
Yours faithfully, 
Watrer C. M. Perrineriy, B.S8c.(Lond.). 
Rochester, November 18, 1917. 





To THe Eprror or ENGINEERING. 
Sir,—The Interesting paper on “Worm Gearing ” 
contained in your issues of the 2nd and 9th inst. correctly 
states the ratio of the useful work done to the power 
expended, viz. :— 
tan 0 w 
Qo eee SO 

tan (0 + m) v 

As is well known this expression is a maximum when 


v.dw—w.dv_ 4 


, 





ve 
1.4., v.dw=w.dv, 
ox d.tan@ _ d. tan (0 + a) 
tan @ tan (0 + mu) 
i.e., sin 2 @ = sin 2 (0 + p) 


So that the efficiency is a maximum when 
2 6 = 90 deg. — uw and @= 45 deg. — 5 


It can readily be seen that 1 ae 
tan (0 + 4) 
efficiency when pu, the angle of repose, is 0 deg. for any 
value whatsoever of @. Also the maximum value of the 
expression, viz. :— 


tan (4 deg. — +) 


== 100 per cent. 


a = 100 percent. when = 0 deg. 
tan (4s deg. + +) 2 


Is it possible, however, to accept the author's claim 
of 96 per cent. to 98 per cent. efficiency for worm 
~— ? Even with plain horizontal rubbing surfaces 
on ball bearings, can the —¥ of repose be eliminated 
to the extent implied by such results for worm gearing, 
however perfect the design and manufacture ? 

It would appear that if such results can be sub- 
stantiated then we need no longer despair of perpetual 
motion. 

Yours truly, 
Joun Dow. 

Junior Reform Club, Liverpool, 

November 16, 1917. 





British InpusTRies Fair, 1918.—As certain trade 
associations connected with trades eligible to participate 
in the British Industries Fair 1918, have until recentl 
been unable to hold meetings to discuss concerted partici - 
pation, and in order to suit the convenience of a section 
of the trade Press, the Board of Trade have decided to 
extend the final date for the receipt of applications for 
space until November 30. The difficulties of organi 
tion due to the war make it of the highest importance, 
however, that all applications should be sent to the 
Director, British Industries Fair, 10, Basinghall-street 
London, E.C. 2, at the earliest possible moment. The 
applications for s so far received from manufacturers 
point to the coming fair being greatly increased both in 
size and importance. 








ConrerENcE or Moror Transport INTERESTs.— 
Delegates from all parts of the country were present 
at the last meeting of the Joint Committee of Mechanical 
Road Transport Associations held in London recently. 
The Joint Committee, which was established in 1912, is 
fully representative of all interests dealing with the 
transport of goods and agricultural produce by mechanic- 
alipqoopetied vehicles. The committee decided to 
institute effective opposition to the resolution ed by 
some of the County Councils having for its object the 
restriction of heavy motor traffic and to approach the 
Chief Commissioner of Police of the Metropolis with a 
view to the committee being officially represented at the 
forthcoming Conference between the Police and the Local 
Authorities to consider the establishment of roadside 
fuel supply stations. The committee is also arranging 
to issue a list of earn wage throughout the country 
where steain vehicles w.ll be enabled to draw supplies of 
water. The Hon. Secretary to the Joint Committee, 
Mr. Bristow, F.C.1.8., 83, Pall Mall, 8.W. 1, will be 

eased to forward to anyone interested a copy when the 
ist.is ready. 
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MICHELL’S AUTOMATIC LUBRICATING GEAR. 


























THE improvements in the methods of constructing 
and lubricating bearings, which have been developed 
during recent years as a consequence of the investiga- 
tions of Beauchamp Tower, Osborne Reynolds, and 
others, have made it possible to realise almost ideal 
conditions in the operation of bearings, provided that 
the loads and speeds are known and constant. It is 
now possible, with proper design, to provide machines 
with either journal or thrust bearings which, as long 
as they are run under constant conditions, are self- 
lubricating, and as a consequence practically immune 
from wear or deterioration, and which will operate 
with a coefficient of friction of , 55 or less. The 
mechanical losses of any machine arising from bearing 
friction can consequently in most cases be made 
practically negligible. But when heavily loaded 
machines have to be frequently stopped and restarted, 
complications arise, and the situation is not nearly so 
favourable. Failure of automatic lubrication at the 
moments of starting and stopping involves not only 
greatly increased friction at those times, but wear of 
the surfaces, which ultimately destroys the self- 
lubricating property. It is not uncommon with various 
types of heavy electrical machines for special means 
to be provided to overcome the bearing resistances at 
starting, especially when the electrical characteristics 
are such that the starting torque is insufficient to 
overcome the friction of non-lubricated bearing sur- 
faces. In some cases force pumps have been provided 
for the purpose of supplying lubricant under pressure 
to the bearing surfaces during starting, and also during 
stopping, with the double object of starting the 
machine without excessive armature current and of 
reducing the damage which is caused to the bearings 
by running them even for short periods with imperfect 
lubrication. The complications added to the plant 
by the installation of oil-pumps, with their driving 
motors and starting apparatus, and the troubles 
incidental to the pumping of oil at the high pressures 
necessary, have, however, prevented the general 
adoption of this solution. In other cases the difficulty 
has been met by the use of ball bearings or roller 
bearings, up to the limits of speed and pressure for 
which these types of bearings are considered to be 
admissible. 

We give below a description of a new type of 
apparatus which has been developed by Mr. Michell, 
the inventor of the Michell thrust and journal bearings, 
for the purpose of lubricating bearings during starting 
and stopping by means of an automatic device which 
does not require the application of any auxiliary 
driving power. The apparatus, which is simply a 
specialised accumulator, requires no pumps for its 
operation, but is actuated entirely by the flow of oil, 
which is maintained under pressure between the 
working surfaces of the bearing during running at 
normal speed, the maintenance of such pressure being 
essential to the effective lubrication of the bearing, 
as is now well understood. To secure the f 
advantages of the device and its reliable operation, 
the bearing brasses or blocks are preferably pivoted 
on the system introduced by Mr. Michell. In the 
diagrams and photographs of the arrangement of the 
apparatus reproduced on this and the opposite page, 
the apparatus is shown as applied to a journal bearing. 
The general views of the gear represented in Figs. 1 








to 4, annexed, will be best 





understood after a study 
of the diagrammatic 
elevations and sections, 
Figs. 5 to 7, page 549. 
As indicated in Fig. 7 
the top brass of the 
bearing is pivoted on a 
hollow stud making oil- 
tight contact with the 
brass, through which a 
hole is drilled to its work- 
ing face at, or near, the 
point where the oil pres- 
sure is @& maximum. 
Assuming that the bearing 
is subject to a constant 
load of 500 lb. per square 
inch of the projected area 
of its brasses, oil is sup- 











plied during normal run- 

ning of the machine by the 

automatic action of the 

pivoted brass through the 

pipe and valves above-mentioned, at a pressure of, 
say, 900 lb. per square nch. The outer end of 
the hollow stud is connected by the pressure pipe 
to the accumulator cylinder, which is constructed 
on the intensifier principle, shown to the right in 
Figs. 6 and 7, having a large and small cham- 
ber in tandem, and fitted with a stepped plunger 
turned to corresponding diameters. The pressure-pipe 
delivers oil from the bearing into both chambers of 
the accumulator, forcing the plunger outwards and 
extending the loading springs, which are arranged to 
apply a practically constant load on the plunger of 
the accumulator by means of the toggle motion clearly 
shown in Fig. 6 and in the general views Figs. 1, 2 
and 3. When the outward motion of the plunger is 
completed, it is held in that position, by means of the 
detent nut (Fig. 7) and a pawl (Fig. 5) engaging with 
the nut, whether the bearing continues to run or not 
until the starting handle is shifted to the starting 
position. The accumulator is fully charged in a few 
minutes of normal running, and the plunger remains at 
the outer end of its stroke during the remainder of 
the time that the motor is running, and, as already 
mentioned, after it stops. As the detent nut retains 
the plunger against the load imposed by the loading 
springs, the latter impose no pressure on the oil once 
the pawl is engaged, and little or no leakage takes 
place from the accumulator while the motor is stopped. 
At stopping, the starting handle is moved over simul- 
taneously with the motor switch, a motion which 
simply returns this handle to the starting position 
without affecting the position of the accumulator 
plunger. 

To start the machine the starting handle is shifted 
simultaneously with the closing of the motor switch. 
In this forward motion of the handle the pawl is 
lifted out of engagement with the detent nut, allowing 
the nut to rotate, and the plunger to be driven back 
under the tension of the loading springs. At the same 
time the large chamber of the accumulator is allowed, 
by a changed ition of the automatic valve shown 
in section in Fig, 7. to discharge freely through the 





Fia. 3. 

















Fia. 4. 


overflow pipe into the well of the bearing, and thus 
the whole tension of the loading springs is applied 
to intensify the oil pressure in the small chamber of the 
accumulator up to, say, 2,500 lb. per square inch, and 
oil at this pressure is discharged back through the 
pressure pipe to the bearing. By this means @ film 
of oil is forced between the bearing surfaces, lifting 
the rotor to the extent of, say, yayz in., and allowing 
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LUBRICATING GEAR. 





































it to start without solid friction on the bearing surfaces | 
with a comparatively very small starting current. | 
Actual test has shown that, whereas the coefficient 
of friction of the bearings on their brasses amounts 
to 0.18 under the usual conditions of starting, even 
if the starting is effected almost immediately after | 
stopping, so that the surfaces retain an appreciable | 
amount of oil, the effective coefficient drops to less | 
than 0.01 when the accumulator is used for starting | 
as above described. Thus, taking the case of a rotor | 
weighing 5 tons, with journals 4-in. in diameter, the 
starting couple necessary with the usual conditions 
of starting would be 336 ft.-lb., whereas by the use 
of the accumulator the couple is reduced to less than 
20 ft.-Ib. It is to be noticed that the higher coefficient 
of friction still exists when, according to a common 
practice, the bearings are flooded with oil at low 
pressure by a circulating pump immediately before 
starting. The only advantage of this flooding is 
that the bearings are enabled to form effective lubri- 
cating films more quickly than if the oil circulation 
did not begin until the motor got up speed. The 
quantity of oil required to be fed to the bearing from 
the accumulator at starting varies according to the 
size of the bearing and to the rate at which the motor 
acquires speed. It is, however, surprisingly small, 
at least until the surface speed of the bearing reaches 
some feet per second, by which time automatic lubrica- 
tion will again be effective. A 4-in. bearing starting | 
slowly requires oil to be fed to it at starting at about | 
the rate of 1 cub. in. per minute, and such a bearing | 
can in some cases be started with less than ,, cub. in. | 
of oil. For other sizes the quantity will be pro- | 
portional, other things being equal, to the square of | 
the diameter. | 

On the other hand the rate of charging of the | 
accumulator from a 4-in. bearing, running at 1,000 | 
r.p.m., is approximately 3 cub. in. per minute, and for | 
other bearings and speeds the rate of charging will be | 
approximately proportional to the cube of the diameter 











of the bearing and to the speed of rotation. It will 
be seen that a comparatively very short part of the 
normal running time of the machine suffices for charging 
the accumulator sufficiently for the restarting action. 
During the greater portion of the running time of 
the machine, therefore, the accumulator stands fully 
charged. This fact is made use of in the apparatus 
illustrated to effect the continuous filtration of the oil, 
a high-pressure filter and filter valve being arranged 
in parallel with the accumulator cylinder as indicated 
in Figs. 6 and 7. A continuous flow of oil is thus main- 
tained through the pressure pipe and filter and back 
through the overflow pipe to the bearing. The filter 
is automatically switched in and out of the circuit by 
means of the filter valve attached to it. 

The filter itself requires only to be of comparatively 
small size on account of the intense pressure, usually 
exceeding 1,000 lb. per square inch, which is available 
for driving the oil through it. In addition to the 
filter a cooling coil may be used on the by-pass of the 
accumulator if desired, and here also the high pressure 
available enables such coils to be made of small size 


| without imparing their effectiveness. For the same 


reason the connecting pipes may be of quite small 
diameter, without risk of their becoming obstructed, 
and the apparatus is exempt from one of the chief 


| troubles attaching to the use of oil-circulating pumps, 


namely, that of the pipes, especially on the suction 
side of the pump, becoming clogged, even when of 
considerable size. 

The above description assumes that only one bearing 
is connected to the apparatus. In practice, however, 
one accumulator may supply all the bearings of the 
unit to which it is applied, and in many cases one 
accumulator can be made to serve several units. In 
such cases it is desirable to fit an additional attachment 
which is known as a charge-limiting valve, and is 
shown properly connected up in Fig. 7. This valve 
serves the purpose of limiting to a definite quantity 
the flow delivered from the accumulator to the bearing 


to which the valve is fitted, and thus in the case where 
a number of bearings are supplied from one accumulator 
it prevents any particular bearing which may be loosely 
fitted, or which may get up speed more rapidly than 
the other bearings, from monopolising too much of 
the capacity of the accumulator to the disadvantage 
of the others. The charge-limiting valve, fitted in 
combination with an accumulator cylinder of large size, 
also enables the latter to serve without recharging for 
starting a machine several times. How this is done 
will appear from the following description. The 
device consists of a cylindrical tube enclosing a 
closely fitted plunger, which also serves as a valve 
closing the outlet. Normally the plunger is kept off the 
valve seat by a coiled spring (see Fig. 7), and in that 
case continuous flow can take place past the plunger 
through the by-pass pipe. When a charge of oil is 
delivered from the accumulator to the bearing at start- 
ing, it is admitted in the first instance behind the 
plunger of the charge-limiting valve, the latter 
delivering to the bearing a quantity of oil from the 
front end of the cylinder equal to the quantity which 
enters behind the plunger. But when the plunger 
reaches the end of its travel and closes the outlet, 
further flow is prevented and the action stopped. 
The stroke of the plunger is adjusted so that the 
quantity of oil supplied is sufficient to enable the 
particular bearing supplied to start under load, and 
the accumulator is only discharged to this extent, while 
still retaining sufficient oil to enable several fresh starts 
to be made. In order that this may be done, the 
org of the charge valve must have time to move 

k under the operation of its spring, displacing oil 
from behind it through the by-pass to the front end 
of the cylinder, this action taking place in about 
half a minute. Everything is then in the original 
position and ready for a fresh start according to the 
same sequence of operations. 

The whole apparatus is of such small size that it 
may be quite conveniently attached to the machine 
which it serves, or it may be placed on an adjacent 
wall bracket, occupying no floor space. It may be 
placed at either a higher or lower level than the 
machine bearings as may be most convenient, since 
the flow of the oil does not depend on gravitation or 
suction. 

The apparatus shown by the photographs was made 
in Australia, where the tests with it were also carried 
out by Mr. Michell. His British representative is 
Mr. H. T. Newbigin, A.M.I1.C.E., 3, Nicholas Buildings, 
Newcastle-on-Tyne, who has arranged for its manufac- 
ture here by Vickers Limited. 





DectmmAt Cornace.—At a joint meeting of the Insti- 
tute of Bankers, the Association of Chambers of Commerce 
and the Decimal Association, unanimous agreement was 
secured as to the retention of the £ sterling as the 
monetary unit and its division into 1,000 parts or mils, 
according to the latter association, who add that this mea- 
sure enables all the existing gold and silver coins down to 
and including the 6d. piece to be retained without any 
alteration in their respective values. For example, the 
6d. is represented exactly by 25 mils. In regard to the 
coins of lower denomination, it was unanimously agreed 
that they shall consist of 1 mil, 2 mil, 3 mil, 4 mil, 5 mil 
and 10 mil pieces, of which the two latter would be of 
nickel. The Decimal Association further states that the 
enlarged range of the coins of lower value, in addition 
to providing coins substantially equal in value to the 
existing $d. and 1d., will provide coins of intermediate 
value between the present 4d. and ld., and thus over- 
come a defect in our present coinage which has resulted 
in prices in millions of small transactions in daily life 
being unduly increased because of the absence of suitable 
intermediate coins. 





How Lone wou tp tt Take A Stone TO Fatt To THE 
CENTRE OF THE Eartu !—This problem exercised the 
minds of several geometers of the past century, and they 
arrived at widely-differing results. Mersenne stated that, 
if a shaft could be driven down to the centre of the 
earth, it would take a stone 6 hours to fall from the 
earth’s surface to the centre, whilst Gassendi only 
wanted 20 minutes for the same fall. According to the 
recent calculations of Maurice Sauger (Comptes Rendus, 
vol. 164, pages 954~—957), Gassendi was right. As the 
stone approaches the centre, it is drawn downward by 
the core of the earth, and upward by the shell which it 
has already penetrated. The rate at which the density 
of the earth varies or increases as we penetrate to greater 
depth is unknown. a 7 average density of 
5.53, the time of fall should 1,234 seconds, Sauger 
finds; that would be 20 minutes 34 seconds. If the 
density S should vary according to the relation p= 10 
(1 — 0.76 r2/R2), where r is the distance of the spot 
from the centre of the earth, and R its distance from 
the surface, the time of the fall would come out 19 minutes 
15 seconds. The two values differ only by 79 seconds, a 
little more than a minute. Sauger’s formula is based upon 
considerations of the moment of inertia of the earth, as 
calculated from the precession of the equinoxes, which 
agree with observations on the density of the earth 
conducted in mine shafts. If the shaft were driven right 
through the earth, the stone would appear at the anti- 
podes after 38 minutes and 30 seconds, and return to its 
starting point, at which it would make its re-appearance 





at the end of 1 hour 17 minutes. 
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THE HARDINGE BRIDGE. 
The Hardinge Bridge over the Lower Ganges at Sara.* 
By Sir Ropert Ricnarp Gates, F.C.H., M.Inst.C.E. 


Tue Hardinge Bridge connects the standard 5-ft. 6-in. 
gauge system of the Eastern Bengal Railway south of 
the Ganges with the metre-gauge system north of the 
river. It comprises 15 girder spans of 345 ft. 14 in., 
with three land spans of 75 ft. at each end. The paper 
deals first with the conditions of the site, in the recent 
delta of a great river. A short description of the delta 
is given, and attention is drawn to the desirability of the 
construction of certain railway connections for traffic 
reasons, and for the purpose of creating a tendency to 
further stabilisation of the course of the river. 

The local choice of site and the design and construction 
of the training-works considered necessary to render 
permanent the channel of the river in the immediate 
vicinity of the bridge are then described, and the 
particulars given show that the training works alone 
constitute a work of great size. The considerations on 
which the main dimensions of the bridge have been 
based are detailed, and attention is drawn to the very 
large flood discharge, which appears to challenge com- 
parison with that of any river yet bridged. 

The magnitude of the work, the high and increasin, 
cost of Indian labour, and the importance of rapi 
completion, indicated the desirability of making greater 
use of modern plant and special methods of construction 
than had hitherto been considered economical in India ; 
and the paper describes the methods of construction 
adopted, which briefly, were the laying down of electric 

wer plant and the use of electric power throughout the 

ridge, the use of cement concrete blocks in the steening 
of the well foundations, thereby ensuring great weight in 
the wells and rapidity in building and pp - and the 
employment of a temporary service girder of large span 
for girder erection in the water spans, thereby ensuring 
reater certainty and rapidity of construction and a 
onger working season than was possible with timber 
staging under the conditions obtaining. 
he rate of construction and details of cost are stated, 
and, it is believed, show that the bridge was constructed 
both rapidly and economically. The paper also gives 
a description of the temporary service works and of the 
medical and sanitary arrangements, which may be of use 
to engineers who have large works to carry out in similar 
conditions of isolation and climate. 





STANDARDISATION OF PETROL GauzE.—Considerable 
trouble and delay has been experienced in obtaining a 
regular supply of petrol gauze, primarily due to the fact 
that aircraft contractors depended upon importation for 
the finer mesh required for this very important accessory 
of aeronautical engines, and it was found that a wide 
variety of mesh was called for by different manufacturers, 
although they required the mesh for similar purposes, and 
in some cases it was very difficult to justify distinction. 
For instance, the difference in the width of the aperture 
between 200-mesh gauze and 180-mesh gauze is only 
1 ten-thousandth of aninch. There has been a tendency 
to call for meshes much finer than are justified by the 
conditions. This has resulted in the use of a gauze 
which is much more fragile than is necessary or desirable. 
To overcome this difficulty, the Air Board took the 
leading manufacturers of wire cloth into consultation, 
and the Royal Aircraft Factory experts made certain 
experiments, which have resulted in a standardised 
gauze being agreed upon. This will greatly facilitate 
manufacture, and will enable the material to be produced 
in Great Britain in adequate quantities to meet the 
demands from aircraft factories. The gauze will be 
known as “ Air Board Standard Petrol Gauze,” and all 
orders and inquiries should be sent to the Air Board 
Office, 8.(H.A.)5, Room 609, Strand, W.C. 2. 





SewaceE AND Irs Precrprration.—‘ Sewage and its 
Precipitation ; Further Experiments,’ was the subject 
of Pm! read by Mr. Reginald Brown, M.Inst. C.E. 
M.1I.Mech.E., F.S.I., F.R.San.I., before the Society of 
Engineers (Incorporated) on Monday, the 19th inst., in 
the premises of the Geological Society, Burlington House, 
Piccadilly, W. In 1916 the author read a paper on the 
same subject before the society and dealt with experi- 
ments with (1) ferric sulphate (solid), (2) ferric sulphate 
(solid) and lime, (3) sulphate of alumina and lime, and 
the experiments described in the present paper dealt with 
the results from the use of (1) lime; (2) ferric sulphate 
(liquid) and lime ; and (3) sulphate of alumina and lime 
the latter being used in both series of tests so as, if 
possible, to form some basis of comparison and a con- 
necting link between the two series. The author dealt 
with “the importance of a knowledge of the varying 
quality of the sewage, especially due to trade wastes 
and the increase in the cost of various precipitants; he 
pointed out that a correct understanding of the varying 
character of a sew: was necessary, as a continuance 
of a particular discharge of trade waste might, unless 
stopped or specially dealt with, have a very serious effect 
upon the efficiency of the whole plant at a sewage disposal 
works. The first series of experiments showed the 
superiority of the use of sulphate of alumina and lime, 
and the second series carried the same conviction. The 
author, however, emphasised the importance of the 
results on a icular class of sewage and laid no claim 
to the use of any particular precipitant as a for 
the treatment of all classes of sewage where chemical 
treatment might be necessary. 
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THE ROYAL METEOROLOGICAL SOCIETY. 


Tue first monthly meeting of this society for the 

resent session was held on Wednesday, the 21st inst., 
at the Society’s Rooms, 70, Victoria-street, Westminster, 
Major H. G. Lyons, D.Sc., F.R.S., President, in the 
chair. A paper, by Dr. G. C. Simpson, F.R.S., 
F.R.Met.Soc., Meteorologist, Government of India, 
entitled ‘‘ The Twelve-hourly Barometer Oscillation”’ 
was read, a summary of which is as follows: (1) The 
existence of the twelve-hourly atmospheric vibrations, 
one parallel to the circles of latitude and the other 

rallel to the meridians, first suggested by A. Schmidt 
in 1890, and investigated by E. Alt in 1909, has been 
proved. (2) A mathematical expression for the 
amplitude and phase of each vibration containing the 
geographical position as the only variable has been 
obtained. (3) The interference of these two waves 
has been shown to account very completely for the 
observed variations in amplitude and phase of the 
twelve-hourly barometer oscillations, especially in high 
northern latitudes. 

Mr. W. W. Bryant, B.A., F.R.Met.Soc., read a paper 
entitled ‘‘ Abnormal Temperature, with Special Reference 
to the Daily Maximum Air Temperature at Greenwich.” 
The author proposes that for certain meteorological 
elements a value shall be defined as “abnormal” if 
the departure from a well established normal is at least 
twice the mean residual, both normal and residual being 
determined by smoothing values from a long series of 
observations. He applies this method to the maximum 
air temperatures at Greenwich for the period 1841 to 
1916, using the first sixty-five years as a standard. The 
limit thus calculated varies at different times of year 
from 8 deg. F. to 12.5 deg. F., so that a fixed limit of 
10 deg. would not be applicable. In the analysis it 
appears that one day in 10 is abnormal, the proportion 
being higher in the months from May to October, and 
much lower in December and January. Additional 
tables deal with spells or alternations of heat and cold, 
and generally with the distribution of abnormal days. 
The principle is also extended to monthly and annual 
values and the effect of a higher limit, three or four times 
the mean residual, is considered. The relatively hottest 
month in the period was 1846 June, and the coldest 
1890 December, the hottest year 1868 and the coldest 
1879. 





Coat-HANDLING Piant at DurBaAN.—In the article 
published in our issue of August 17 last in connection 
with the above-mentioned plant, we omitted to mention 
that the preliminary plans and general outline of the 
scheme as construc were prepared by Mr. A. M. 
Tippett, M.Inst.C.E., engineer-in-chief of the South 
African Railways, and the construction of the plant at 
Erith was supervised by Mr. G. Thomson, a member of 
the engineering staff of the South African Railways. 





Tuermit WeLpING.—The Board of Trade have now 
given formal sanction to a new company, with works 
in London and Live l, and known as the British 
Barimar-Thermit Welding Company, Limited, to take 
up and exploit the Thermit welding Fea which, 

rior to the war, was exclusively in German hands. 

ermit is specially applicable for tramway welding and 
for the repair of heavy castings and machine parts. 
The registered offices of the new company are at 10, 
Poland-street, London, W. 1. Messrs. Thermit, Limited 
of 675, Commercial-road, London, inform us that they 
are the owners of the Alumino—Thermic process patents, 
and are not connected with the new company above 
referred to, who merely hold a licence to work certain 
of the patents belonging to them. Thermit, Limited, 
were originally established in 1904 and about eighteen 
months ago the whole of the shares were sold to the 
Birmingham Metal and Munitions Company, Limited, 
Birmingham. They continue their manufacture of 
various Thermit compounds, and are a3 present especially 
engaged upon the manufacture of certain metals and 
alloys in connection with munitions of war. 





TECHNICAL COMMITTEE OF THE Motor INDUSTRIES.— 
The fourth meeting of the Technical Committee of the 
Motor Industries was held at the offices of the Institu- 
tion of Automobile Engineers on November 6, 1917, 
at 2.30 p.m. Questions of standardisation occupied 
a large part of the proceedings, and recommendations 
were submitted for the consideration of the Engineering 
Standards Committee in regard to bolt t detachable 
wheels for pneumatic tyres, tyre sizes, ] and inflation 
pressures, road springs and chassis dimensions for carriage 
work. Three sub-committees were appointed to consider 
and report upon: (1) Fuel forinternal-combustion engines ; 
(2) the formation of an education committee; (3) the 
proposed laboratory for internal-combustion engine 
research. These are solely internal committees, and 
are not put forward in any way with a view to over- 
lapping the work which is being carried out by other 
committees in the same direction. The ctantesdiontion 
of automobile parts has now been under consideration 
by the Engineering Standards Committee for some 
considerable time, and the result of the work of the 
numerous sub-committees is inning to bear fruit. 
The following reports have al y been issued by that 
body, and may be obtained from the Engineering 
Standards Committee, 28, Victoria-street, §.W.1: 


No. 71, Report on British Standard Dimensions of | has 


Wheel Rims and Tyre Bands for Solid Rubber Tyres ; 
No. 80, Report on British Standard Dimensions of 
Magnetos ; No. 45, Report on British Standard Dimen- 
sions for are pT The reports are now issued 
at the stan price of ls. per report. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—The activity in the local steel 
trade increases rather than diminishes. Pressure for 
delivery is intense, and nothing which may in any 
way speed-up matters is being left undone. From the 
Allied Governments come constant and heavy demands 
for large quantities of material required for war purposes, 
practically the only class of work now being undertaken 
at any of the steel-making establishments in the West of 
Scotland, where every rolling mill is under Government 
control. The war material required by our own Govern- 
ment comprises shell bars and shipbuilding plates and 
sections. It is more than probable that a complete 
revision of prices will have to be considered very shortly, 
owing mainly to the increased cost of coke, and, following 
that, pig-iron, and there is every expectation that the 
rise will be considerable. 


Malleable Iron Trade.—Ceaseless activity is the leading 
feature of the malleable iron industry; orders are 
plentiful and makers are hard pressed to keep pace with 
the demands made upon them, most of which, of course, 
are on Government account, for work of national 
importance. Small sizes in particular are much in 

uest. As was confidently expected, the price of 
* Grown ” bars has already stiffened, and at 161. 10s. 

r ton f.o.b. Glasgow, a record rate has been reached. 

recent heavy demand made upon ordinary ingot 
and shell discard steel is now causing some scarcity. 


Scotch Pig-Iron.—With the demand for pig-iron for 
steel-making purposes sone ever on the increase, 
hematite is moving away freely, while every other 
brand and quality is just as speedily taken off the market. 
In the market a firm tone rules, and where prices have 
been “free” rapid advances have already been noted, 
the increase in some instances having amounted to fully 
10s. per ton. This has been rendered absolutely 
necessary owing to the increased on-cost charges. So 
far as the controlled prices are concerned no definite 

ronouncement has yet been made, but changes are 

ound to come and that speedily. Little export business 
is being put through. 


Shipyard Extension at Bowling.—Messrs. Scott and 
Sons, whose shipbuilding yard and repairing works 
are situated at the western terminus of the Forth and 
Clyde Canal at Bowling, have just acquired a piece of 
ground east of their present premises, upon which they 

urpose constructing, among other extensions, a tidal 
Soca and a graving dock for medium-sized vessels. 
When completed, these extensions will greatly facilitate 
the work of ship-building and ship-repairing as at present 
carried on by the firm. 


Edinburgh and Scrap Metal.—Edinburgh has taken 
up the scrap metal question in most enthusiastic fashion, 
and a day or two ago the Lord Provost, Sir J. Lorne, 
Macleod, presided at a conference convened at the 
request of the Government department which has been 
brought into existence for the pa me of dealing with 
the collection of the scrap metal required for the manu- 
facture of munitions. It was pointed out to the very 
representative meeting that scrap metal was urgently 
needed at every iron and steel works in the country, and 
that Scotland had been asked to provide 50,000 tons. 
Suggestions were made as to the best means of collecting 
aa quantities of metal. 





MrinERAL Propvuction oF Victorta.—The Secretary for 
Mines of Victoria, in the Commonwealth of Australia, in 
his annual report for the year 1916, gives the following 

ields of various metals and minerals during the year : 
Gold, 276,188 oz. gross, or 256,643 oz. fine; black coal, 
417,183 tons; brown coal, 2,915 tons; antimony ore, 
12,382 tons, yielding 3,259 tons concentrates ; tin ore, 
122 tons; manganese, 85 tons; gypsum, 1,853 tons ; 
wolfram, 314tons; magnesite, 100 tons ; kaolin, 810 tons. 





“Tue Sourn ArricaN JouRNAL oF INpUsTRIES.’’— 
We have received the first number of this new publica- 
tion, for September, which is issued by authority of 
the Hon. F. 8. Malan, Minister of Mines and Industries, 
Pretoria. It is published on, or about, the 15th of each 
month, at the price of 6d. per copy. It is to serve as a 
direct vehicle by means of which the public will be 
regularly and effectively acquainted with the results 
of the work done by the Department of Industries, a 
need which has been largely accentuated since the 
appointment of the Scientific and Technical Committee. 

@ journal for September covers over 70 pages dealing 
with the mining, industrial, agricultural and other 
resources of South Africa, and contains much interesting 
information. 





Russtan Ratuways anp WatTerways.—lIn a recent 
aper read before the Société des Ingénieurs Civils de 
al Mr. Gouvy stated that the total Russian railwa. 
system had, in 1913, a length of 95,900 versts, of whic 
83,000 were in Russia in Europe. This gave 1.2 km. 
for 100 sq. km., the corresponding res being 8.9 in 
France, 10.6 in Germany and 3.9 in the United States. 
A vast programme made up in 1916 provided for the 
laying down of 6,000 versts per year during the first 
five years following the war. The necessary metal for 
new lines, for strengthening existing lines and for main- 
taining the fixed and rolling-stock of the whole system 
been estimated at 638,000 tons annually. The 
Russian works would be able to supply this. The 
insufficiency of the railways is compensated for partly 
by the Russian waterways, which have a length of 
—. versts in European Russia. (1 verst = 0.663 
mile.) : 











Nov. 23, 1917. | 


ENGINEERING. 





_ 55! 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Whilst the call for 
fuels of all grades is more insistent than ever, there is 
little in the general position to call for special comment. 
As a matter of fact, the control and regulation of the 
coal trade just now is so extensive that few tenga 
arise for events of outstanding character. Fewer agents 
are attending the local Coal Exchange, and the business 
transacted there is steadily declining. Collieries attribute 
this to the need for them to conserve almost the bulk 
of their output for contract and Government purposes. 
Inland consumption keeps on the increase, particularly 
the best steams used by works, railways, blast furnaces, 
&c., whilst the timekeeping at the pits is stated to be 
anything but good, and in some cases absenteeism 
amounts to 20 per cent. per day. The export trade is 
not large, though France and Italy are receiving fairly 
bstantial tonnage. Gas sorts are ing for inland 
works on a moderate scale, but the companies are pressin; 
for ample deliveries. Slacks are again strong, an 
there is practically nothing available for open market 
business. Quotations: best branch handpicked, 23s. 
to 24s.; Barnsley best silkstone, 23s. to 238. 6d. ; 
Derbyshire best brights, 21s. to 22s.; Derbyshire house 
coal, 18s. 6d. to 19s. 6d.; best large nuts, 188. 6d. to 
19s. 6d.; small nuts, 17s. 6d. to 18s. 6d.; Yorkshire 
hards, 18s. 6d. to 19s. 6d.; Derbyshire hards, 17s. 9d. 
to 188. 9d.; best slacks, 14s. 6d. to 15s. ; seconds, 13s. 
to 13s. 6d. ; and smalls, 9s. to 10s. per ton at the pit. 


Iron and Steel.—The tonnage of steel which is now 
being aimed at as the weekly output—the mininum— 
is stated to be so good as to give the utmost satisfaction 
to the authorities, and supp ies are being delivered for 
ordinary war purposes in far —— quantities than 
was the case a few months ago. ere has been further 
dilution of labour, and, less having been heard of the 
comb-out, workers have become more settled with the 
result that output has benefitted considerably. The 
acid steel production is one of the brightest features 
of the local situation, but the demand is so great that 
nothing can be set aside for surpluses to meet prospective 
emergencies. As a matter of fact, the whole of the steel 
placed on the market finds a ready inquiry, especially 
in some of the special brands. Aeroplane work comes 
into this last category. More electric furnaces are being 
used, but the specifications are truly on a mammoth 
scale. Marine work does not lessen, and works have 
their hands full. Fortunately makers are able to get 
satisfactory supplies of base material. More of the 
special sorts could be used with advantage. Nothing 
has yet been heard of the much-discussed increase 
in the tariff for common irons. The most that can 
be gathered in usually well-informed circles is that 
some action is inevitable and cannot now be long 
delayed. Business men are looking to numerous 
changes in iron and steel prices, but present buying and 
selling, having been made conditional upon I change 
being introduced in contracts, is not affected. i- 
cultural engineers report that they have many orders 
on hand for the more complicated forms of machinery. 
They do not expect to repeat last year’s successful 
trade in the implements for allotments and holdings, 
but such things as plough plates, machinery parts, 
whippletrees, discs, harrows, and cultivators are in 
urgent demand. File orders for all kinds of military 
and munition work are coming to hand. Cutlery 
manufacturers are reluctantly compelled to reduce their 
output for home trade, which is really booming. The 
raw material available will not allow them to cater for 
all the home and export business, and the Government 
urge concentration on the latter. Plate and silver 
firms are in much the same position. 


The Glass Trade.—The Council of Sheffield University, 
in its annual report issued yesterday, states the work 
of the Glass Department continues to increase, both in 
the direction of instruction and research work. The 
buildings which were reported last year as being in course 
of erection are now completed, and an additional storey 
also added, and work has begun in the new premises, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Few new features are 
noticeable in the Cleveland pig-iron trade. Discussion 
is still heard concerning the question of advancing fixed 
maximum quotations so as to cover increased cost of 
production, but the opinion is becoming more and more 
pronounced that instead of as the position b 
such a step the manufacturers are likely to be subsidised ° 
the oul view taken being that advance would disturb 
all other branches. Itis pleasing to learn that distribution 
is being somewhat fecilltated a rather better service 
of trucks. As is usual about this period of the month, 
home business is quiet. There is a little more doing on 
export account. For home consumption No. 3 Cleveland 
ae is 92s. 6d., and that price also rules for No. 4 
oundry and for No. 4 forge, whilst No. 1 is 96s. 6d. ; 
and for shipment to the Allies, No. 3 is 102s. 6d., No. 4 
foundry 101s. 6d., No. 4 forge 100s. 6d., and No. 1 
1078. 6d. 


Hematite Iron.—As rds East Coast hematite iron, 
producers experience some difficulty in satisfying home 
needs, the demand being very intense. Little iron is 
available for export. It is, however, gratifying to be 
assured that the stringent situation now promises to be 
relieved at an early date by a substantial increase in the 
make of basic iron, preparation for which is well forward. 
Nos. 1, 2, and 3 are 122s. 6d. for home use, and 141s. for 
export to the Allies. The position as regards advance 
in quotations or subsidies to producers is similar to that 
ruling in Cleveland pig-iron. 

Foreign Ore.—Supplies of foreign ore are reported 
coming forward fairly’ well, the organised efforts to 
facilitate discharge of cargoes expediting distribution. 

Coke.—With the heavy demand for coke for local 
consumption met by plentiful supply, the market is 
active. Medium blast-furnace qualities are 33s. at the 
ovens, and low phosphorus sorts 35s. 6d. at the ovens. 


Manufactured Iron and Steel.—Under heavy pressure 
for delivery of Government and shipyard work, manu- 
facturers of finished iron and steel are kept so busily 
employed that they find it almost impossible to entertain 
ordinary commercial business. The question of the 
all-round readjustment of quotations continues to be 
discussed, but it is very difficult to form an opinion as to 
what action will be taken. Up to the present, to home 
customers, recognised market quotations stand :— 
Common iron bars, 131. 158.; best bars, 141. 2s. 6d. ; 
best best bars, 141. 10s.; iron ship plates, 151. 10s. ; 
iron ship angles, 131. 15s.; iron ship rivets, 191. 10s. ; 
packing iron and steel (parallel), 137. 10s. ; packing iron 
and steel (tapered), 151. 158.; steel bars (no test), 
141. 108. ; steel ay plates, 111. 10s. ; steel ship angles 
1ll. 2s. 6d.; steel boiler plates, 12/1. 10s. ; steel joists, 
1ll. 2s. 6d.: steel strip, 151. 108.; and heavy sections 
of steel rails, 101. 17s. 6d. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Market.—The market has been very quiet 
in the transaction of new business. The price of coke 
(furnace and foundry) has been increased by 7s. 6d. per 
ton for inland purposes, and an attempt is being made 
to obtain an increased price for Admiralty supplies. 
The export price has not yet been altered. The diffi- 
culties of collieries producing the more bituminous coals 
have been accentuated by reason of the narrowing 
down of the list of collieries from which bunkers are 
aimissible for shipment on board vessels engaged in 
oversea traffic. The authorities have been influenced 
ir their recent selections by the desire to supply steamers 
w th coals which will give them the best possible speed, 
and for other obvious reasons. South Wales is the best 
coalfield for smokeless steam coals, and in view of the 
urgent necessity of a our ships as far as ible 
from the attacks of enemy submarines, the authorities 
cannot act too carefully in the selection of coals for use 





which form a model factory with the complete equip t 
for dealing with the scientific manufacture of glass on 
a commercial scale. A new departure is the opening of 
a lamp working school for training and research, and this 
section of the glass industry is the first of its kind to be 
established. With this venture two associations, the 
British Laboratory Ware Association and the British 
Chemical Ware Manufacturers’ Association, are identified 
and are contributing towards its financial support. In 
addition to researches published, and research work for 
the Ministry of Munitions, a very large number of tests 
have been made for glass manufacturers in all parts of 
the United Kingdom. The Association of Glass Bottle 
Manufacturers of Great Britain and Ireland have con- 
tributed a capital sum of 860/., and promised an annual 
contribution of 2501. 





“Tae Work AND TRAINING OF THE Royal FLyIne 
Corps.”—A publication having the above title is issued 
at the price of 2s. 6d. net, by authority of the ae 
Flying Corps, at the offices of The Illustrated 
News, 172. Btrand, W.C.2. It opens with a brief review 
by Lord Hugh Cecil of the Corps in all the branches 
of its activities; then follow a number of admirable 
reproductions from photographs showing the men in 
training in the various specialities of the service: aero- 
plane construction and operation, gunnery, telegraphy, 
photography, and so forth, and illustrating also actual 
work carried out by flying machines. The publication 
18 @ most interesting record of this, “the greatest of 
the novelties of the war,” to give it the application 
used by Lord Hugh Cecil. 


as bunkers; but the narrowing process has necessarily 
reacted unfavourably on collieries where coals have 
hitherto been used either wholly, or partly, in mixed 
parcels, for bunkering purposes, and will increase the 
number of stoppages in certain districts. The improved 
demand, however, for the better steam-coal qualities 
will tend to diminish the number of stop in the best 
steam coal area, and if Welsh displaces other coals used 
as bunkers, the position in South Wales, on the whole, 
will be improved. 


Newport.—It is reported that the Controller of Coal 
Mines intends to make a further alteration in the 
quantities of South Wales coals allocated for transport 
to the south-western counties. Since the scheme was 
introduced a few months ago there has already been 
three previous departures from the details of the original 
proposals, and it is feared that if existing arrangements 
are disturbed they will lead to renewed disorganisation 
in traffic and aggravate the difficulties, particularly of 
Monmouthshire coals. Very little business has n 

ing other than that incidental to shipments on’ 
Spveanhent or Allied account, and tonnage supplies are 
scarce. 

The Recent Miners’ Wage Advance.—The Coal Con- 
troller has been interviewed in regard to the action of the 
Government in ordering a uniform increase of 2s. 6d. 
per ton in the price of all coal, other than that supplied 
to France and Italy, to meet the cost of the increase of 
ls. 6d. per day in the wages of all colliery workers. The 
incidence of the increased prices falls very unequally on 


| having 





colliery owners, and a proposal is put forward that the 





Controller should adopt a certain method of procedure 


which would have the effect of removing the present 
inequalities. The suggestion made by South Wales 
coalowners is that the Controller of Mines should take 
the revenue from the extra 2s. 6d. per ton into his own 
hands and pay the extra ls. 6d. per day to the workmen 
out of the fund. The suggestion has met with some 
opposition from Midland owners, but it is understood 
t it is to receive the consideration of the different 
coalowners’ associations in the country, and the decisions 
of those associations are to be reported to another 
meeting of the Mining Association to be held shortly. 


A Question of Brokerage.—In the letter. from the 
Board of Trade, accompanying the Coal Controller's 
directions as to the sale of coal, issued on June 28 last, 
it was stated that, in the case of shipments to France 
and Italy, the then existing arrangements as regards 
the question of brokerage on freights should continue, 
but that in the case of shipments to other destinations 
outside the United Kingdom the amount of brokerage 
to be retained by the exporter shall not exceed 6d. per 
ton, the balance being payable to the collieries from 
which the coals were shipped. It appears that some 
of the South Wales colliery “gon y are claiming that 
eve ing over 6d. per ton should now be refunded 
to them in respect of coals shipped under contracts, 
and a controversy has arisen as to whether this- claim 
is valid in view of the direction that all contracts entered 
into before May 1, 1917, were not to be interfered with. 
Exporters contend that they are protected by this pro- 
vision, but the colliery companies reply that that 
particular provision applies only te the contract prices 
of coal, and it will probably require the ruling either 
of the Coal Controller or a court of law before the point 
is decided. The amount involved may be very con- 
siderable, for freights have varied from about 100s. 
in the case of Gibraltar to 190s. and more in the case of 
the Italian ports, and a third of 5 per cent. on a Gibraltar 
freight represents ls. 8d. per ton, #.e., 6d. to the exporter 
~ hy 2d. to the colliery. Many side issues are also 
raised. 


Italian Coal Pooling Scheme.—A meeting is to be 
convened of Cardiff exporters of coal to Italy to consider 
the suggested rules for carrying out the pooling arrange- 
ment in connection with the limitation scheme for the 
supply of coal to Italy. The principle of a pooling 
scheme was adopted by a large majority at a meeting 
held a few weeks ago, and the rules now proposed have 
been given the form in which it was understood at that 
meeting they should be drafted.. They may not, how- 
ever, be adopted in this form. In some quarters, for 
example, it is thought that a fairer basis of distribution 
would be one covering a longer pre-war period than 1913. 
The period now suggested is January, 1913, to October 
31, 1916, and the view held by some exporters is that the 
— should be extended to 1910. The choice of 

ovember 1, 1916, as the operative date of the scheme 
is also a matter of controversy. The course of the 
Italian trade and the sharing of the Italian export 
business since the war has been altered very considerably, 
and the fixing of the operative date is for this reason a 
question in which financial interests are predominant, 
and which, therefore, br ought the interests of some firms 
in conflict with those of others. It must remain with the 
proposed meeting to deal with these difficulties, but it is 
of interest to note that in 1913 the monthly shipments 
of Welsh coal to Italy averaged about 460,000 tons, in 
1914 about 420,000 tons, in 1915 about 265,000 tons, in 
1916 about 210,000 tons, and this year probably between 
150,000 and 170,000 tons per month. The pool will 
only affect the exports other than those definitely 
allocated to the Italian State authorities. 


Welsh Miners and their House Coal.—Under old 
customs the South Wales miners continue to be supplied 
with house coal at an average pit-head price of less 
than 6s. per ton. A company supplying about 10,000 
tons of coal annually to its employees for household 
consumption at about 5s, 6d. per ton has recently- 
ascertained that the supply of large coal at this price 
involves it in a loss.of approximately 10,7001. per annum, 
the cost of production at this colliery being about 26s. 
per ton. 





New Danish Sxurpyarp.—Another new shipyard 
concern has been formed in Copenhagen, with a repre- 
sentative board and a capital of £84,000. A favourable. 
site has been obtained at Fredericksholm on some land 
filled up by the harbour authorities, the site in — 

been rented for a period of 40 years. The new 
yard will principally undertake the building of steamers 
and motor-driven vessels of moderate dimensions. 


Tue InstiruTion or ErecrricaL ENGINEERS; Dits- 
CussION ON THE Metric System.—As the subject of © 
the Metric System was very fully discussed at the 
Institution of Civil Engineers in the early part of the 
year, more especially from the standpoint of the relative 
merits of that system and the British, it may be well to 
state that the main object of the Institution of Electrical 
Engineers’ discussion, to be held on Thursday, December 
13, is to consider the effect on the British electrical trade 
of the introduction of the Metric System at the present 
time, more especially in those markets in which the 
British system is at present in vogue, with a view to’ 
determining whether the ere introduction of 
metrical measures should be pressed for or resisted. It 
is ho that it may be found possible to take steps after 
the discussion to obtain some authoritative pronounce: .. 
ment on the matter from the trade as a whole that will 
put an end, to the present hesitating and unsatisfactory 
attitude towards the question. 
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meeting. To be followed at 7.30 p.m. by a paper by Dr. J. 
Newton Friend, D.Sc., on ‘‘The Corrosion of Iron and Steel, 
with special reference to Reinforced Concrete 


Puysicat Society oF Lonpon. —Friday, November 23, at 
5 p.m., at the Imperial wk of Science, mperial Institute 
Road, South Kensington. Agenda :—(1) “Some Problems 


of or ckabality of ry Les Molecules,” by Professor J. 
Nicholson, M.A., D.Sc., F.R.S. (2) “An Exhibition of the 
Uses of Certain Methods of Classification in Optics,” 


by Mr. 
T. H. Blakesley, M.A 

THe INSTITUTION OF MECHANICAL GINEERS. — y, 
November 30, at Spm, ot , at the ree any of Civil neers. 
The:Thomas Hawksley Lect ure, “ Heat Engines,” will be deli- 
vered by Captain H. Riall Sankey, C.B. 

THE KEIGHLEY ASSOCIATION OF ENGINEERS. — Saturday, 
November 24, at 6.30 p.m., in the Assembly Room of the 
Cycling Club. A paper on “Our Sources of me 
Possibilities in connection = their Fuller Uti sation, ” by 

W. H. Watkinson, M.Eng., Professor of Engineering, 
Liverpool University. 














NOTICE TO NON-SUBSCRIBERS. 


ef the restrictions now imposed by the 

t om the importation of paper, and of the 
consequent shortage of supplies, readers whe wish 
te be sure of obtaining ‘** ENGINEERING” each week 
should place an order for the Journal with a news- 
agent or bookstall clerk. Owing to the scarcity of 
paper it will be impossible in future fully te provide 
for a chance demand fer this Journal. 
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FRIDAY, NOVEMBER 23, 1917. 


STANDARD MERCHANT SHIPS. 

WE have the official pronouncement (1) that the 
number of enemy submarines destroyed during the 
past ten months was double that for the whole of 
the previous year; the past three months account- 
ing for as many as in 1916, or, in other words, that 
from 40 to 50 per cent. of the German submarines 
commissioned and operating in all seas has been 
sunk; (2) that the monthly merchant ship tonnage 
loss is now one-third less than that of April, 
the last week showing the smallest loss of any 
week this year, and that the net reduction during 
the past four months is 30 per cent. less than was 
anticipated in an estimate prepared for the War 
Cabinet early in July; and (3) that the output 
of new merchant ships from British yards will be 
more than twice that of last year. These facts show 
that the submarine menace is steadily being 
overcome. 

The first achievement must take primary place, 
because thereby will the evil be minimised. Thus 
the naval and military authorities responsible for 
this phase of the war do well to concentrate atten- 
tion on offensive measures ; nevertheless it is impor- 
tant that the resources of merchant shipbuilding 
yards should be utilised at their highest efficiency. 
This requires systematic control, so that each yard 
shall be called upon to construct those vessels for 
which its berths and mechanical equipment are most 
suited. In the second place it is of vital conse- 
quence that there shall be a definite co-ordination 
in respect of the distribution of material. In the 
third place, and above all, it is imperative that the 
man-power available should give of its best. 

In dealing in detail with the whole question we 
place this third desideratum in the primary position 
because it is perhaps the least amenable to positive 
control. The workers in this country have, with 
some exceptions, done splendid service. The call 
made upon them has been continuous and excessive. 
The conscientious worker has undoubtedly felt 
the long tax on his physique; but others, unfor- 
tunately, have so regulated their effort as to 
influence the collective result. There may . be 





view 














564 | reasonable excuse for the action of the latter under 


normal conditions, but it cannot be too often enforced 
that if we are to achieve victory, without which 
permanent peace cannot be realised, every worker 





in this country, however insignificant his or her 








contzibution to the common aim, must realise that 
that contribution is as necessary as the most heroic 
or dangerous work of men at the fighting front. 
That we should be starved through the success of 
the savagery of submarine operations is unthink- 
able, but in the ultimate end we can only defeat 
German savagery by maintaining that fleet of ships 
by means of which alone our food supply can be 
augmented from over the seas. Thus the boy who 
heats a rivet and throws it to the riveter is as surely 
advancing the war as his fellow-worker who sets 
and throws his grenade over the top into the German 
trenches. We need merchant ships if we are to 
exist as a nation and to enforce the lesson of national 
liberty. The ranks of the industrial army have 
been depleted for the greater service and sacrifice ; 
consequently it is the duty of all the remaining 
workers to exert their utmost effort and deny them- 
selves any privilege in order to safeguard their 
families, their homes and their nation. And we 
are convinced that they will pull their whole weight 
and that the submarine menace will vanish with 
ever-increasing acceleration. 

That the employers are doing their best effectively 
to utilise the effort of the manual worker can easily 
be established. It has time and again been shown 
how they have not only patriotically handed over 
their establishments, but relinquished their rights 
to full profits and their mental organisation, all 
to serve the national end. The biggest capitalist 
is but a labour leader in his own factory under State 
service, Thus the worker can be assured that the 
result of his strenuous work cannot profit his em- 
ployer, but is an immense gain to the national 
cause. This point may once again be established 
by a consideration of the work done by the Govern- 
ment departments responsible for the building of 
merchant ships. When it was recognised—rather 
late in the day, it must be contended—that co- 
ordination in merchant shipbuilding was essential, 
five standard types of vessel were designed by the 
Merchant Shipbuilding Advisory Committee set 
up by Sir Joseph Maclay, the Shipping Controller ; 
two of these types were 400 ft. long between per- 
pendiculars, 52 ft. in extreme breadth, and 31 ft. 
moulded depth, having a capacity of 8,000 tons 
deadweight and with standard engines of 2,500 h.p. 
at sea. Another type was 331 ft. long, with a 
breadth of 46 ft. 6 in. and a depth of 26 ft. 6 in., 
having a capacity of 5,000 tons deadweight and 
engines of 1,900 h.p. The fourth type was 285 ft. 
long, to carry 3,000 tons deadweight, while the 
fifth type was 376 ft. long, carrying 7,000 tons 
deadweight. 

When Major-General Collard was brought to the 
Admiralty and appointed Deputy Controller for 
Auxiliary Shipbuilding he was able to induce 
men of great experience in the construction of 
merchant ships to join his staff, and to give the 
nation the benefit of their knowledge and ability. 
A consequence was 4 broad inquiry into the 
capacities of all merchant shipbuilding yards, so 
far as size and types of ship were concerned. The 
result has been to develop the idea of standard 
ships, and the latest types projected are an oil- 
carrying vessel and a three-decked steamer of 450 ft. 
in length, 58 ft. beam, and 40 ft. in depth, to carry 
10,500 tons deadweight. This last is the only ship 
propelled by twin-screw engines, but the engines 
adopted are of the 2,500 h.p. standard type used 
for all the larger ships already mentioned. It will 
thus be seen that the types satisfy practically all 
the requirements of the mercantile marine, and to 
those who look with some degree of apprehension 
on the probable shortage of passenger steamers 
after the war there may be consolation in the view 
that it should be possible to utilise the three-decker 
for the arrangement of staterooms, &c. Thus, 
although these vessels may not be so luxurious as 
the pre-war ocean liner, they will nevertheless serve 
the purpose as temporary passenger ships. 

We do not propose to enter upon any criticism 
of the designs. As the practice of one district 
differs from. another some criticism is almost in- 
evitable. The Clyde has always favoured what is 
known as the “ three island ”’ type of tramp steamer ; 
the North-East Coast, on the other hand, almost 
exclusively builds what is known as the “ shelter- 
deck type.” Of course each must suit the require- 
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ments of their owners, and much can be said in 
favour of each. Most of the standard types are of 
the “three island” class of ship, but the 10,500 
tonners are of the “‘ shelter-deck”’ type. Similarly 
there is room for wide variation in practice in 
regard to the details adopted in the respective yards 
even in the same district ; many instances might 
be given, in all cases with sound reasons for pursuing 
such practice. It has been contended that there 
was justification for going on broad lines in standard- 
isation ; in other words, that each builder might 
have been left to work out his own-details. The 
determining factor, both in ship and engine, was 
so to design the details as to economise time, 
material and labour. The department therefore 
laid down not only standard dimensions, lines, 
cross-sections and general arrangement, but stand- 
ard details of all sections, and on this latter question 
there has perhaps been more personal criticism than 
on any other. The decision to have standard 
sections and standard thicknesses of plates is 
supported by the contention that by this means 
the maximum output was realisable from rolling 
mills. Thus, taking the five types of ships on which 
work has been progressing during the past months, 
there are only eight or ten sections, including angles, 
bulb angles and channels. Thus it has become 
easy to apportion the product of any rolling mill 
to the shipbuilder whose need is most urgent. 
Similarly with plates ; but here the shipbuilder is 
permitted to use any length of plate which best 
suits his machine tools. In this connection it may 
be stated that there is now practically no com- 
petition for material by the various war depart- 
ments. Co-ordination of demands has been effected. 
The supply is controlled, and the claims of merchant 
shipbuilding considered along with all demands by 
the militant services. But it may also be said, 
without disclosing any fact of help to the enemy, 
that at the present time the material requirements 
for the merchant service are looked upon with the 
highest favour. 

In the general arrangement of the ship, as in the 
design of machinery, there has been discarded an 
enormous variety of fittings, which in many cases 
were merely excrescences conceived as the result 
of idiosyncrasies of the draughtsman, the designer 
or the representative of the shipowner. Indeed 
simplicity is one of the characteristics alike of hull 
and machinery. It is symptomatic of the growth 
of the democratic spirit that great attention has 
been paid to the crew’s quarters. The men are 
berthed in cubicles, each with two bunks, and their 
feeding quarters are entirely separate. The heat- 
ing, ventilating and lighting show great improve- 
ment on the pre-war conditions, and the cubicle 
capacity is in excess of that required by the Board 
of Trade rules. Any error made in this direction 
is on the side of excess, and if improvement in 
environment leads to higher status, physical and 
moral, of seamen and firemen, no one will take 
exception. 

From what we have written it will be recognised 
that splendid work has been done by Major-General 
Collard’s department ; as we have said, criticism 
is only as to detail. It may be that the disorganisa- 
tion of the special machinery in any yard, consequent 
on alterations in detail, would nullify the gain in 
time in the case of the first one, two, or three ships. 
But work is not to end with two or three ships, as 
it is incumbent upon the nation to build up within 
the next two or three years, or as quickly as possible, 
an immense new merchant fleet, and so effective 
has been the distribution of work that no yard is 
occupied on sizes or types of ships unsuitable to its 
capacity for rapid production, so that the organisa- 
tion is simplified and the whole progress of the work 
systematised. Nor will the ships be unwelcome 
to shipowners, because they have been designed to 
secure economy in marine service. The hatchways 
have been made large in order to reduce the time 
required in loading and discharging cargo. In fact 
experience showed that it was possible to reduce 
the size of the hatchways in the first ships built. 
Nor has the submarine menace resulted in arrange- 
ments to ensure flotation at great expense to work- 
ing economy. Measures have been taken into 
which we do not propose to enter at length. The 
communication between the shaft tunnel and the 





engine room has been completely closed, as experi- 
ence showed that damage aft from torpedoes 
resulted too often in the engine room being flooded 
because the door of communication could not be 
closed in time. Escapes for trimmers, stokers and 
others have had special attention, and screw-down 
valves have been fitted in the bilge suctions at the 
bulkhead, so as to obviate the passage of water 
from one compartment to another. Many such 
points might be mentioned to show that the policy 
of the Department of the Deputy Controller for 
Auxiliary Shipbuilding is commendable, and to 
establish the view that, alike in organisation and 
control, much is being done to maintain the lines 
of communication for food supplies. We return, 
however, in conclusion, to the one factor which is 
the least certain, and as a consequence the most 
important, namely, the earnestness of the working 
classes. It cannot be too often enforced that in 
sacrificing personal inclinations, and in giving whole- 
heartedly the best of their mental and physical 
effort, to the limit of endurance, they are doing 
“a bit”? as essential as that of the man in the 
trenches. They have not, however, the dangers, 
nor are they called upon to risk life or limb; on the 
contrary, they are invited and encouraged to earn 
the highest wage within their powers. 





SCIENCE AND THE STATE. 


Ir, would perhaps, be too much to hope that 
the politicians and lawyers who, as Mr. Wells has 
said, are likely to govern us to the end of time 
will read and digest the able and interesting address 
which Mr. Campbell Swinton delivered at the Royal 
Society of Arts last Wednesday in assuming the 
chairmanship of the council. To a large extent 
the errors made in the past in the treatment of 
technical questions, have arisen from the 
materialistic view of science and economics which 
has long been prevalent in what are commonly 
known as “ progressive’ circles, and Mr. Swinton 
has done good service in calling attention once 
again to the serious losses suffered by us in the past 
from this obscurantist attitude. It has been 
common for the politician to assume that the only 
interests to be considered in economics had relation 
to the distribution of wealth. Their action seemed 
to be governed by a theory of wealth essentially 
identical with that advanced by the Duchess in 
“Alice in Wonderland,’ who summed up the 
situation from this standpoint comprehensively 
and concisely with “‘ the moral of that is, the more 
there is of mine the less there. is of yours.” 

“To protect the consumer,” the absurd Electric 
Light Act of 1882 was passed through Parliament, 
with the net result that for six invaluable years 
there were, as Mr. Swinton says, no consumers, 
since no sensible man ventured to invest his capital 
in an infant industry on the basis that he lost 
everything if it failed, whilst if success were obtained, 
the fruits of his courage and enterprise were to be 
confiscated to the community without any com- 
pensation whatever, the material values of the 
plant being alone subject to appraisal in any transfer 
to a public authority. Moreover, even when 
matters were slightly ameliorated by a later Act, 
possible profits were limited to a maximum in- 
sufficient to make it possible to finance highly- 
desirable experiments. As a consequence, we 
ceased as a nation to be responsible for any of the 
more important electrical developments, becoming 
importers instead of originators of novel ideas. 
An argument urged against the opponents to these 
Acts was that they merely desired an opportunity 
to make fortunes. The Acts did not, however, 
prevent fortunes being made, but they were made 
by the natives of other countries, to whom we paid 
enormous sums for ideas which under more favour- 
able conditions we should have developed for 
ourselves. From a purely materialistic standpoint, 
possibly, it may perhaps matter little to the 
individual consumer, to whom he pays tribute for 
the benefit of ideas, but it matters much to the 
nation if opportun ‘ties formerly open to men of imagi- 
nation and enterprise are closed by legislative action. 

An eminent American engineer has observed that 
the acquisition by the State of the telegraph under- 
takings in this country was followed by an almost 





complete cessation in the improvement of tele- 
graphic apparatus by British inventors. Up til] 
that date, he said, more than three-fourths of the 
improvements incorporated in telegraphic instru- 
ments had originated in this country; and this 
continued to be the case with regard to submarine 
cable work; but so far as land telegraphs were 
concerned we became for the most part parasites 
on the thought of other nations. 

To the politician or Treasury official it no doubt 
appeared the height of wisdom to adopt at the 
transfer as standard one particular type of apparatus 
and reject all others. Obviously, fewer spares 
need be kept, and certain other minor economies 
became possible. This purely materialistic view 
of the matter, however, disregards the enormous 
advantage of having independent and competing 
centres of design and invention. 

In his address, Mr. Swinton recalls another 
instance in which our politicians interfered with 
engineers, and with disastrous results. He observed 
that mechanical traction on highways made rapid 
progress in this country between 1820 and 1836. 
Towards the close of this period many steam-coach 
services were regularly maintained between various 
centres in different parts of the country. Legis- 
lation was then passed destroying this form of 
enterprise, and it would be an interesting question 
for some of the statistical economists to form some 
estimate of the consequent loss of wealth. to the 
country. 

It is frequently assumed that to-day matters 
have materially improved, “‘ Mais plus ¢a change, 
plus cest la méme chose,” and we understand that 
even in the Munitions Ministry the old Adam has 
reappeared, and that it is a standing rule that no 
engineer shall be present at any conference between 
the department and trades union officials, the 
negotiations being conducted on behalf of the 
department by lawyers or schoolmasters. The 
reason given is as ingenuous as that of the rural 
magistrate, who expressed a preference for deciding 
causes brought before him immediately after the 
plaintiff had given his evidence, and without calling 
on the defendant, whose evidence had, he stated, 
been found in his experience merely to complicate 
matters. Similary, the department’s represen- 
tatives find that experts are likely to traverse 
claims made by the union officials, thus complicating 
an apparently straightforward case. Probably 
no important improvement in the efficiency of our 
Government services will be effected until they are 
made less open to the “Oxford Greats” man, and 
are recruited more largely from classes of wider 
culture educated on less narrowly specialised lines. 
Mr. Swinton instanced the necessity of this reform 
as an argument in favour of a more general teaching 
of science. He observed very truly that a large 
proportion of the great advances made in both 
pure and applied science had been due to men 
who had little advantages in the way of academical 
training. Possibly this will always be the case, 
but for one “revolution” we have hundreds of 
reforms, and it is in the working of this very large 
field of “‘ improvement ” as opposed to “ invention ” 
that we have been seriously handicapped in the past 
by a lack of adequately educated staffs. At the 
same time it is as Mr. Swinton pointed out, essential 
that works proprietors shall themselves be properly 
educated, lacking which they will fail to appreciate 
the fact that whilst a reliance on past experience 
may be adequate for the immediate needs of the 


| day, a thorough understanding of scientific principles 


is essential for economically facing the novel 
problems that may arise on the morrow. 

Mr. Swinton also drew attention to the tendency 
of certain workers in pure science to underrate the 
value of the part played by those who adapt new 
discoveries to practical ends. To a large extent 
the pursuit of pure science is its own reward. The 
work is intensely interesting, and its devotee, 
even if he does not make a fortune out of it, avoids 
at the same time the risk of losing one. Lord 
Masham, for example, is said to have ventured 
nearly a quarter of a million before he attained 
success in the utilisation of silk waste. The 
problems of applied science are probably every 
whit as difficult as those of the physicist, and over 
and above the laborious days and restless nights 
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due to the purely physical aspect of his problems, 
the inventor has generally also to face serious 
financial worries. Mr. Swinton pointed out the un- 
reasonableness of the somewhat heavy patent fees 
still demanded in this country, in view of the fact 
that they go merely to swell the general revenue. 
Were the patent office surplus spent on scientific 
education, scientific libraries, and the like, there 
would be less to be said against the present scale, 
any material lowering of which might possibly give 
rise to a large increase in the number of “ fishing ” 
patents applied for. Patents of this kind are taken 
out by men who are incapable for one reason or 
another of developing their “half” ideas into 
“whole” ones, but hope to mulct at some future 
date some man of greater ability who succeeds in 
making a really effective solution of the problem in 
view. Of this there have been frequent instances 
in America. 





OIL PROSPECTS OF THE BRITISH 

; ISLES. 

Wuen bringing the question of “ Petroleum in 
England” last winter* before the Institution of 
Petroleum Technologists, Mr. W. Forbes-Leslie 
marshalled up what he considered strong evidence 
in favour of the probable existence of free oilfields 
in certain districts of England, especially in the 
eastern depression. Meanwhile a mild oil-fever 
has once more broken out, and wholesale drilling 
for oil is largely advocated and urged upon the 
Government. When the question came before the 
same Institution again last Tuesday, Mr. W. H. 
Dalton, F.G.S., F.C.S., of London, late of the 
Geological Survey, in presenting his paper “ On the 
Oil Prospects of the British Isles,” made it clear 
from the outset that he is opposed to the wide- 
spread conception of a store of petroleum of 
commercial value lying intact within the limits 
of the British Isles. He dealt with the problem 
as a geologist, and his colleagues, who took part 
in the discussion, as well as the chairman, Mr. 
Charles Greenway, and Sir Boverton Redwood, 
who spoke as petroleum technologists, agreed that 
Mr. Dalton’s exceptional experience as a petro- 
leum geologist fully entitled him to pronounce 
an opinion. Like Mr. Forbes-Leslie he concluded 
with the statement that the drill and pump con- 
stitute the final court of appeal. But he was far 
from suggesting general drilling on the chance 
that something might be discovered. In fact, 
drilling seemed to appeal to him more in the general 
geological interests than in the expectation of 
finding oil or oilfields. Replying to the discussion 
he remarked that, if borings, a quarter of a mile 
apart should fail to disclose oilfields, the Press 
would call for bore-holes at distances of 200 yards; 
he repeatedly alluded to “ wild-cat schemes” in 
his survey, and his tone was sharply sceptical 
throughout, a little more satirical possibly than 
the treatment of the oil-fever may render advisable. 
We will quote a few instances in a condensed form : 
“The facts should be at least of commercial purity ; 
errors as to the quantity of oil exuding at a place 
as to pints and gallons, hours and weeks . . . 
are trivial. On the other hand, the representation 
as a natural flow of leakage of refined oil from 
storage is a grave deviation from verity, not 
necessarily intentional (any more than the leakage), 
but as reprehensible in respect of carelessness in 
the investigator as in the storekeeper who permitted 
the waste.” Numerous cases of gross deception 
have, of course, occurred. Mr. Dalton referred to 
the denunciations, as an opponent of natural re- 
sources, showered down in 1903 upon Professor Cole 
for demonstrating, that the oil spring in a Dublin 
cellar was of this—just mentioned—unnatural 
character. Similar denouncements may possibly 
now be showered down upon Mr. Dalton himself. 

In his survey Mr. Dalton confined himself to 
actual liquid petroleum, and did not much deal with 
the potentialities of distillation from so-called oil- 
shale, from coal, peat or other carbonaceous solids. 
He mentioned gas discharges and solid paraffins, 
asphalts and other “‘ mineralogical curiosities, as 
bearing upon their possible accompaniment of liquid 
oil of which they may be external desiccated residue 
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left by oxidation or evaporation of volatile con- 
stituents.” Perhaps he dismissed too curtly the 
possibility of the assumption that any but a minute 
proportion of oils might be due to purely inorganic 
reactions, considering that the key to the natural 
formation of petroleum from organic matter remains 
to be discovered. The physiologist rightly insists 
that Nature does not apply violent laboratory 
reactions, but so far as the geologist is concerned, 
Nature might conceivably work laboratory pro- 
cesses, hugely magnified as to the time scale 
particularly. Mr. Dalton, of course, dwelt on many 
instances in which oil-bearing strata have, by the 
intrusion of igneous rocks or volcanic action, been 
metamorphised, the hydrocarbons having been 
coked or graphitised and the gases having probably 
escaped under subsequent disturbances, or imprisoned 
in some crevice not yet reached by the miner. But 
he also referred to cases in which the heat trans- 
mission has been peculiarly restricted. Whilst 
300 ft. and more of burnt strata have been pierced 
at Nether Dechmount in the Lothians, a basalt sill 
at West Calder, 261 ft. thick, has burnt the sub- 
jacent beds for only 6 ft., a good oil-shale lying 
10 ft. lower; a 5-ft. sill at Broxburn has had no 
effect at all on the oil-shale 8 ft. below it, and a sill 
of over 10 ft. thickness, destroying a shale 6 ft. 
above it, had no action on another 8 ft. higher. 

We have already passed into the detailed review 
of specific instances of actual petroleum occurrences 
in the British Isles which formed the main part of 
Mr. Dalton’s communication. He proceeded on 
geological lines, from the oldest formations 
upward. A viscous tar, often consolidated into 
albertite, was found in the Old Red Sandstone of 
Dingwall, descending sometimes into the crevices 
of the subjacent gneiss. Petroleum vaguely reported 
from the Orkney mainland, from Cupar in Fife, 
from Torquay, from Willesden, &c., was apparently 
—two very doubtful cases—of the same or 
Devonian age. Occurrences in the succeeding 
carboniferous series were much more frequent, 
not so much perhaps from conditions of formation, 
though the fauna and flora were more frequently 
well preserved, as from the extensive mining 
operations which revealed pockets of oil where none 
was seen on the surface. Mr. Dalton referred in 
particular to the oil-shales of Broxburn, &c., in the 
Lothians, in the calciferous sandstones of the lowest 
member of the carboniferous series. The next 
division of the carboniferous was constituted by the 
Yoredale beds, in which the notorious black-oil 
flow at Norton (near Stockton-on-Trent) was 
observed. The next member, the mountain lime- 
stone, contained the elaterite or mineral rubber, 
of Windy Knoll, Derbyshire, exuding from a low 
knoll after summer rains as a yellow tar, rapidly 
turning brown and brittle. The asphalts, oil and 
gas of the district, the hot springs of which indicated 
continuance of chemical action, were of doubtful 
original position. The Ashwick Court oil near 
Shepton Mallet, of which much had been made last 
winter, came from the upper carboniferous, but the 
occurrence was mysterious. The millstone grit, 
following in geological sequence, contained the 
unique flow from the Kelham boring near Newark ; 
this oil seemed to be indigenous to the rock in 
which it was found. In the coal measures them- 
selves natural and artificial emanations of hydro- 
carbon gas were abundant, the gas being partly set 
free by mining operations. Fluid petroleum oozed 
out from faults or dripped from the roofs of several 
coal mines; but most of the reports were vague 
and exaggerated, and it had to be borne in mind 
that a roof implied a change in conditions from 
terrestrial vegetation to subaqueous deposit of 
sediment. That was sometimes brought about by 
subsidence and invasion of an area by the sea, and 
if petroleum were mainly due to marine organisms, 
the roof of a coal seam seemed to be a watery 
paradise for the development of oil-making 
organisms. Detailing oil finds and gas jets reported 
from coal mines, Mr. Dalton drew attention, among 
other features, to the frequent presence of fish 
remains and marine fossils. 

Dealing briefly with the occurrences of oil in 
younger formations, Mr. Dalton pointed out that 
in the permian and triassic, salt and petroleum 
were associated in England as on the Continent. 





The jurassic clays were frequently charged with 
bituminous matter, and gas and free oil had been 
reported from many localities, whilst the English 
cretaceous and tertiary beds were devoid of traces 
of hydrocarbons. As regards the post-tertiary 
epochs, the oils in the peats of Down Holland 
(Lancashire) and in several extensive Irish bogs 
seemed to be a native petroleum; the saturation 
of the peat with water was not necessarily an 
insuperable obstacle to its utilisation. 

Concluding, Mr. Dalton then remarked , that, 
though the Kelham and Norton instances demon- 
strated the possible occurrence of oil in deep-seated 
portions of series, of which the wide areas of out- 
crop yielded no similar indications, it was much 
to be doubled whether in any part of the secondary 
rocks and in the subjacent palwozoic series there 
existed any deposit of commercial value com- 
mensurate with the cost of wild-cat search. In the 
British Isles, as in other parts of the world, oil- 
forming conditions had frequently recurred, but 
to a very limited extent; and although conditions 
favouring the accumulation of oil, and tectonic 
structures capable of conserving it from escape 
were also of frequent occurrence, the conjunction 
of the latter essentials with original formation 
had generally failed. The feeble and short-lived 
flows which British. rocks exhibited, necessarily 
conformed to the hydrostatic laws of vast bulks 
of other regions ; but, whether from defect of original 
formation, of space accessible for accumulation, 
or of adequate seal from escape, the total result 
was from a practical point of view valueless, except 
possibly in the one or two cases mentioned. 

The term “ wild-cat”’ was, in the instance just 
quoted, not too strong, Mr. Dalton considered, in 
view of our ignorance of the tectonic structure 
obtaining in the older rocks, especially to the 
eastward of proven positions. But his remarks, 
that no extensive area in England had escaped the 
test of drill or pick, and that to geologists negative 
evidence in respect of petroluem would be of much 
value, called forth criticism which will not have 
surprised him. Those words must, however, be 
understood in the sense we indicated in our intro- 
duction. In a certain way the cases of gold and 
petroleum may be regarded as similar. Both these 
substances are common, and yet rare. . No miner 
would drill for gold, however, on the mere chance, 
without having previously consulted geologists. 
Geologists are no more infallible than other experts, 
of course, and Mr. Cuningham-Craig indeed differed 
from Mr. Dalton as to the interpretation of certain 
features, and he also took a less pessimistic view, 
while Mr. Forbes Leslie wanted to drill,and go down 
to 3,000 ft. and more, because there had once been 
oil, and he wanted to find out whether there was 
still oil. The other geologists—Mr. G. Barrow, 
Mr. V. C. Illing and Mr. D. A. Sutherland—thought 
it necessary to send out a note of warning to the 
public or at least to throw cold water on high 
expectations. Mr. Illing in particular pointed out 
that England—Mr. J. Ford had remarked, he did 
not see why England should be less favoured 
as to petroleum than other countries—did not 
differ from most other countries. There had once 
been petroleum in many spots; but faulting, 
denudation, erosion of anticlines and other 
factors had left little of it, and drilling in the 
eastern and southern districts had not been so 
infrequent as some speakers had suggested. They 
certainly did not agree with Sir Boverton Redwood, 
who was practically pleased only with Mr. Dalton’s 
last words, already quoted, that the drill and pump 
constituted the final court of appeal, because the 
country had to be made independent of the foreign 
supply of so important a product, nor with the 
chairman’s ‘“‘summing-up” in one sentence to the 
same effect. The country has enough to bear at 
present without being saddled with the expense of 
chance drilling. 





NOTE. 
GERMAN TECHNICS AND ECONOMICS. 

A’ TRANSLATION from a German paper, prepared 
by the instructions of Sir Robert Hadfield, states 
that the ‘German Union of Technical Scien- 
tific Societies,” which has been formed by the 
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combining of 13 associations, recently held its first 
general meeting at the premises of the Association 
of German Engineers, when the chairman, Privy 
Councillor Busley, after welcoming those present, 
among whom were members of the Imperial Govern- 
ment Departments, explained the aims and p 

of the new Union. Herr Busley said that the object 
in view was to establish a balance between science 
and practice. Many a technical task could not be 
carried through without the collaboration of several 
branches of science ; for example, the metallurgists 
required the co-operation of the technician, the 
architect that of the engineer, and so forth. It was 
intended, further, that influence be exerted on 
technical instruction, and also towards ensuring 
that the academically-trained technician be admitted 
to all administrative departments of the Federal 
States. The technical world ought to be repre- 
sented more than was hitherto the case in legislative 
bodies. The “Union” had also applied to the 
authorities with a view to being consulted in the 
preparatory work of drafting regulations or enact- 
ments. Unfortunately, the Imperial Treasury alone 
had hitherto availed itself of technical expert advice, 
in the preparatory work for the taxation of coal 
and sources of energy. Herr Busley also stated 
that a desire had been expressed for incorporating 
in the “Union” an Austrian and Hungarian 
section ; with regard to this latter point resolutions 
were still to be Professor Dr. Wiedenfeld 
(Halle) then spoke on ‘“ Economics and Technics 
during and after the War.” He showed ex- 
haustively how in former days Germany was able 
to manage with her own resources alone; she 
subsequently became more and more dependent 
upon foreign countries by reason of the increase of 
her population, and ultimately, owing to the 
blockade of the sea she had been compelled to 
remodel all the foundations of her economic life. 
Technical science, he said, could only meet the 
new requirements set up by fundamentally dis- 
regarding the question of cost price which formerly, 
in competition with other countries, was one of the 
foremost considerations. Substitutes were pro- 
duced by calling in the aid of new methods of 
manufacture and by directing thereto all the 
human powers available. A part only of the new 
conditions and products could be carried over into 
the times of peace ; in other words, he added, the 
old economic conditions could not be reverted to 
in their entirety, nor would this even be desirable. 
Technical science, he further stated, had been 
endeavouring to come to the aid of economical life 
in a threefold manner: (1) In the matter of raw 
materials, by re-establishing industries which had 
become unremunerative (production of manganese, 
increase in the production of iron, production of 
sulphur, intensification of agriculture, &c.); (2) 
promoting the technical tendency, which existed 
already in pre-war times, towards an increased 
utilisation of waste products (obtaining lubricants 
from coal-tar, utilising waste material for clothing, 
&c.)—the term “non-utilisable substance” had 
been eliminated by the war; (3) producing substi- 
tutes (nitrogen from the air, obtaining substances 
by synthetic processes, &c.). In the speaker’s 
opinion, too much regard had been paid during the 
early part of the war to quality of production ; 
a condition which, however, became impossible to 
carry out with the continued duration of hostilities. 
He found fault with the multiplicity of Government 
controlling authorities, which had also manifested 
itself in peace times to the prejudice of German 
production. He claimed that after the war 
Germany should continue to aim at a restricted 
use of certain raw materials. Production would 
assume an unfavourable aspect in certain depart- 
ments owing to the high ccst of industrial war 
installations, andthe amortisetion of these during 
the war was a necessity. 





Opentnes FoR British Artictes In Iraty.—The 
British Chamber of Commerce for Italy has issued list 
No. 34 of Italian firms who are seeking connections 
with British firms for business now or after the war.., 





ELxecrricaLtty-OperaTeD Locomotive TuRNTABLE.— 

The overhead current - collecting device referred to on 
385 ante is fitted with Skefko ball 

not with roller bearings, as stated in error. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


A WELL-ATTENDED ordinary general meeting of 
the above Institution was held on Friday last, the 
16th inst., at 6 o’clock p.m., at the Institution of 
Civil Engineers, Great George-street, Westminster, 
Mr. Michael Longridge, the President, occupying the 
chair. 

Arr-Lirt Pumprine. 

A paper entitled “Some Notes on Air-Lift 
Pumping” was read in abstract by the author, 
Mr. A. W. Purchas, of Wolverhampton, ‘Associate 
Member, and was subsequently discussed. We 
commence the publication of this paper in full in 
another part of the present issue (page 561), and 
accordingly proceed to the discussion. 

Mr. E. R. Dolby commented upon the very careful 
way in which the author had made the tests upon 
which the paper was based. Speaking as a con- 
sulting engineer, he would say that he had had no 
experience of such a large installation as that of 
the California Oil Fields, having chiéfly been con- 
cerned with air-lift pumps for hospitals, workhouses 
and large office buildings. To such installations, 
however, the same principles and details applied. 
He had been forced to the conclusion that it 
was absolutely essential to put down an experi- 
mental plant in the first place, so as to be satisfied 
as the volume of water to be raised, and particu- 
larly as to the fall of the water level during pumping 
operations. In the case of the California Oil Fields, 
the fall of the water was only about 10 ft. or 11 ft., 
whereas in his experience this fall had sometimes 
exceeded 100 ft., which, of course, affected the 
design of the installation. He assumed that the 
words “submergence ” and “ submersion ” used by 
the author were synonymous. In the book by Mr. 
Ivens, mentioned in the paper, “submergence ” 
was defined as the vertical distance between the 
static level of the water and the point at which the 
air pipe entered the eduction pipe. The speaker 
was under the impression, however, that the author 
used “submersion”? to connote the difference in 
vertical height between the level of the water when 
it had attained its permanent position in pumping 
and the point at which the air entered the eduction 
pipe. He assumed, moreover, that the author 
calculated the total lift from the water level assumed 
after pumping several hours and the level at which 
the water was delivered to the tank. (Mr. Purchas 
here informed Mr. Dolby that by the term “ sub- 
mersion’’ he meant the distance from the level of 
the water in the well, when the well was pumped 
at the capacity of each test, to the point of air injec- 
tion, and similarly the lift would be the distance 
from that same water surface, when the pump was 
working, to the extreme uppermost end of the 
eduction pipe. All the terms referred to the pump 
in operation). Continuing, Mr. Dolby said that that 
connotation was not the one signified by the word 
as used by Mr. Ivens. In support of his contention 
as to the advantage of putting down an experimental 
plant, the speaker gave the following particulars of 
an installation in the City of London, the installa- 
tion having a 6-in. borehole 450 ft. deep, calculated 
from the floor of the well chamber, which was 18 ft. 
below the pavement outside. Chalk was reached at 
240 ft. The 6-in. pipe was carried down 6 ft. into 
the chalk, whilst the eduction pipe was 417 ft. deep 
and 2 in. in diameter. The air pipe was 1 in. in 
diameter, and entered the eduction pipe 4 ft. above 
the bottom of the latter. The foot piece differed 
somewhat from that described by the author; no 
means of breaking up the air was provided, the air 
simply issuing from the 1-in. pipe into the eduction 
pipe. Before pumping, the static water level was 
187 ft. below floor level; the pumping level, after 
pumping had been going on for some time, was 290 ft. 
below floor level. At starting, the air pressure was 
93 lb., gradually falling to 55 1b. The total lift was 
298 ft., 8 ft. being required for lifting into the tank 
in the basement. The submergence while pumping 
was 127 ft. Calculated by the author’s method, the 
ratio of submergence to lift was 0.76, distinctly lower 
than any of the ratios given by the author. He had 
had no opportunity of measuring the air in the way 


and|done by Mr. Purchas, and had to depend on the 





dimensions of the compressor. Mr. Dolby, in con- 


clusion, desired further information relative to the 
differential pressure gauge mentioned by the author. 
He had himself had a differential gauge made to 
measure the difference between the pressures on the 
two sides of a pump when reinforcing the water 
circulation in a heating system, but he had never 
found, in the course of his experience with half-a- 
dozen such gauges, one that was satisfactory for 
any considerable period. 

Mr. William Reavell, who spoke next, empha- 
sised his appreciation of the fascinating subject 
which Mr. Purchas had introduced. The idea of 
lifting large volumes of water from a well without 
any machinery in the latter would always prove 
attractive to engineers. He regretted, however, a 
certain lack of precision in the author’s references 
to air compressors and their efficiencies. Mr. 
Purchas, in his paper, had objected to the calcula- 
tion of the volume of air used from the known dis- 
placement of the low-pressure piston of an air 
compressor allowing volumetric efficiencies of 95 per 
cent. and 97 per cent. In this connection the 
speaker would have been glad had the author 
branded as incorrect all methods of getting the 
volumetric efficiency either by displacement or 
indicator cards. It would appear from line 13 in the 
author’s Table I, series C and D, that the volu- 
metric efficiency of the air-compressor from cards 
approximated in all cases to 95 per cent. The 
designer of reciprocating engines was familiar with 
the extreme difficulty of getting a clearance at the 
end of the cylinder of smaller value than, say, 3 per 
cent. of the displacement. As it appeared from the 
paper that the diameters of the air cylinders were 
10 in. and 18} in., the delivery pressure in the first 
stage would be in the neighbourhood of 45 lb., or, 
say, 60 lb. absolute ; and from the point of view 
of clearance alone, 12 per cent. would be lost, leaving 
the impossible figure of 88 per cent. to begin with. 
Leakage past the piston and past the valves was, 
among other things, a factor in marring volumetric 
efficiency. Again, in the case of compressors using 
suction valves, the atmosphere had to lift the 
valves to get into the cylinder, so that, with such 
spring loaded valves, the resultant pressure in the 
cylinder was, naturally, below atmospheric pressure ; 
compared, therefore, with piston displacement the 
volumetric efficiency would be much less. For 
these reasons, he considered that it would have made 
matters simpler had line 13 in the table mentioned 
been eliminated. Mr. Reavell also condemned the 
indicator diagram method of getting volumetric 
efficiency. Steam consumption in a steam engine 
could not be computed from indicator diagrams 
alone, nor could the air used in a compressor be so 
calculated. The ideal diagram, to which com- 
pressor makers strove to approximate, was P V = ¢, 
but without efficient cooling the indicator card 
would show a curve more like an adiabatic curve. 
He had seen cards which indicated P V = ¢, the 
reason, however, being leakage past the piston, 
which flattened out the curve. But a worse curve 
than that of adiabatic compression resulted when 
the delivery valves were leaking, air pressing into 
the cylinder from the delivery side until the pres- 
sure practically reached delivery point. Further, 
the suction line might not correspond to the atmo- 
spheric line, but be considerably below it, by reason 
of the pressure on the suction valves, as already 
stated. 

On the question of the volumetric efficiency of 
the compressor, the author had set out the con- 
siderations taken into account in assuming the 
values for the tests A, B and C. If, the speaker 
said, Mr. Purchas were measuring by the volume 
of air flowing through the orifice, i.e., the delivery 
air, he (the speaker) could not understand how 
considerations numbers 2 and 5—the known condi- 
tion of the air valves and guides and the known 
condition of the scale in the cooling jackets— 
affected the question, since the volume of air flow- 
ing through the orifice was the air actually dealt 
with by the compressor. These considerations 
would, of course, come into play if the measurement 
were effected by testing the volume of air drawn 
into the compressor. Mr. Purchas had referred to 
the meter used by Professor Durley, and this 
method of measurement was of great interest to all 





desirous of knowing the volume of air under pres- 
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sure actually passing through a pipe. The interest 
would be increased, he thought, if the author would 
add the actual size of the orifice, and so enable 
computation to be made from the diagram. With 
regard to Fig. 6 in the paper, showing the orifice 
type of high-pressure air-meter, he would urge that it 
would make for simplicity in using both the formula 
and the apparatus indicated by the author, if the 
nozzle formed by a plate with a hole in it was 
eliminated, a nozzle with parabolic curves being 
used, as shown in the annexed illustrations, Figs. 1 
and 2. In this case the prersure at the front of the 
nozzle would be measured through the }-in. hole a, 
and that at the back through the hole 6. The 
outlet of each of these holes is tapped to receive 
a nipple shown in Fig. 3 for the attachment 
of an india-rubber pipe. Experience had shown 
that, so far as the discharge coefficient of such 
a nozzle was concerned, practical unity coud 
be obtained, whereas in the case of a hole in 





No rigs. [2 tem 


an ordinary plate the coefficient was somewhere 


about 0.72. The fact that the nozzle he had 
just suggested would come within 1 per cent. 
of unity, removed a point of doubt. He would 
like the author to state what practical advantage 
was derived from having an “auxiliary air re- 
servoir ” at the foot piece ; with regular motion of 
air down the tube and water moving upwards he 
could not understand the need for an air reservoir. 
In the case of a single-cylinder slow-speed com- 
pressor such a reservoir on the surface was desirable, 
in order to obtain even flow of the water. Mr. 
Purchas had also stated that the best machine was 
that which would deliver the required volume of air 
at the given pressure with the least expenditure of 
energy, and in this relation the author had pointed 
out the importance of temperature. Mr. Reavell 
suggested the substitution of “weight” for 
“volume,” inasmuch as the volume must be cor- 
rected for atmospheric temperature. In conclusion, 
No. 2 of the paper, Mr. Purchas had stated that in 
air-lift installations the greatest loss was in the air 
compressor, and therefore the best compressor was 
none too good. The speaker would say that he was 
unaware of any type of machine in which the 
difference between good and bad was so marked as 
inthe aircompressor. Finally, in an air lift installa- 
tion, where the greatest loss was in the machinery 
at the surface, it was of the highest importance to 
select a machine in which the brake horse-power 
applied to the shaft had the lowest value as com- 
pared with the actual weight of air compressed and 
delivered at the required pressure. 

Mr. F. C. Paget, of the Isler Company, desired to 
add his congratulations to the author on his in- 
teresting paper, but he regretted that Mr. Purchas 
had spoken of air lift pumping as having fallen into 
disrepute. The speaker was ignorant of the state 
of opinion in connection with the Oil Fields of 
California, but could repudiate the author’s sugges- 
tion so far as this country was concerned, seeing 
that air-lift pumps were put down in increasing 
numbers every week. Referring to the illustrations 





of the air injection foot-piece, Fig. 1, of the paper, 
series A, he noticed that, with the exception of the 
perforated holes round the side, the bottom of the 
air pipe was plugged, an arrangement having the 
disadvantage that any accumulation of rust in the 
air pipe would fall to the bottom and gradually choke 
up the foot-piece. The same objection applied to 
Fig. 2, and to Fig. 2a, series C, the author having 
apparently omitted a tail piece to the foot-piece. 
If that were not so, he should imagine that the air 
would have a tendency to flow downwards as well as 
upwards, especially at starting. From the points 
of view of clear air passage and clear waterway, 
the foot-piece illustrated by Fig. 3, series D, had 
advantages. In Table I, series D, of the appendix, 
giving data of tests, he noticed that 168 cub. ft. of 
free air was used per minute, this air being compressed 
to 132 lb. ; this would be equal to about 15.5 cub. ft. 
of compressed air per minute. The author had 
assumed the air would be delivered through all the 
120 }-in. holes, but the speaker believed that the 
small volume of air used would escape through the 
first three or four holes nearest to the air outlet 
and the air, instead of being delivered in emulsion, 
would be delivered in three or four streams. For 
commercial purposes, efficiency figures should, he 
considered, be taken for air-lift pump and com- 
pressor complete. Before buying an air-lift pump, 
with a quoted efficiency of 72 per cent., a possible 
purchaser would want to know the over-all efficiency 
which was the governing factor. Moreover, in com- 
paring the air-lift and deep well pump systems, 
yearly running costs must be considered. In the 
case of the deep well pump repairs were necessitated 
owing to the wear and tear in the bottom portions, 
such repairs being in many instances very expen- 
sive. On the other hand, repairs were reduced to a 
minimum with air-lift pumps, only those being 
necessary which were required to maintain com- 
pressor efficiency. Jf, therefore, the efficiencies 
were taken over a number of years, he thought the 
air-lift pump would compete with the deep well type. 
The author would have added to the value of the 
paper by mentioning some of the advantages of air- 
lift pumping. For instance, there were hundreds 
of wells in the country which were unworkable by 
any pump other than the air-lift type, owing to the 
presence of sand. The air-lift type of pump had 
also many advantages for developing work. The 
speaker could refer Mr. Purchas to a number of 
installations in which the ordinary pump gave no 
yield from the bore, but in which, after the air- 
lift pump had been tried, using special precautions, 
considerable yields had been developed. 

Mr. Norman Swinden was interested in the paper 
since he had occasion, some years ago, to study the 
theory set forth, in connection with mechanical 
work, wherein, in certain ways, the air-lift pump 
possessed greater advantages than when used for 
pumping water. He would instance the pumping 
of corrosive or acid liquid ; there, a 4-in. pump and 
a 2-in. pipe would do the pumping work more easily 
and cheaply than the clumsy contrivance known as 
the “acid egg,” with efficiencies of 34 per cent. to 
7 per cent. Again, some years ago he had been 
engaged in the development of the electrolytic cell, 
and had applied the air-lift principle to the pumping 
and circulation of molten lead, in the form of 
sodium red alloy, at a temperature of about 350 
deg. C. All sorts of pumps had been tried, but, as 
the temperature of the metal was only a few degrees 
above its solidifying point, as soon as the plunger 
of the ordinary type of pump had started up the 
tube the metal began to freeze, and stopped the 
whole operation. The air-lift pump was then 
applied, experimentally, and proved succeseful, con- 
tinuing so ever since. The use of air lift with hot 
bodies enormously increased efficiency. In pump- 
ing gas into a chamber containing a liquid at, say, 
400 deg. C., the volume would be very greatly in- 
creased, and in pumping the alloy to which he had 
referred by means of an air-liftt pump great success 
had been achieved ; no other pump would meet the 
conditions. Another use for the air-lift pump was 
in connection with the circulation of liquids in 
chemical operations, where oxidation occurred 
simultaneously. He would take a case likely to 
arouse much interest in the future, i.e., that of salts 





of nitrogen vapour. Here the air-lift pump would 


not only circulate the liquid but would oxidise it 
at the same time, performing a double function. 
As to the general theory, he had evolved a theory 
closely approximating to that of the author. He 
regarded the air-lift as a U-tube, with one leg longer 
than the other. Equilibrium could be produced 
by aerating one leg to an extent equivalent to the 
pressure in the other, motion being imparted 
merely by friction. He had found that by assuming 
practical figures for friction he obtained theoretical 
efficiencies up to 80 per cent. and 90 per cent. 

Mr. Druitt Halpin asked for information as 
to the indicated horse-power of the engine used 
by the author in his experiments. In Table I 
the indicated horse-power for the compressor 
cylinder was given, as well as that for the energy 
of the air leaving the foot-piece. The efficiencies of 
both engine and compressor might be very variable 
quantities, and the value of the paper would be 
enhanced by knowledge of the indicated horse- 
power of the engine. He wished to advert also to the 
great capital saving effected by the use of air-lift 
pumps. Going back 30 years, he recalled a case 
in which, while it was essential that water supply 
should be continuous, there was no available room 
for emergency storage to meet chance breakdowns 
or the natural repairs that would be required. He 
had been obliged to resort to the costly expedient of 
putting down two wells, each 600 ft. deep. Some 
five years later, when air-lift pumps were beginning 
to be taken up, he went into the question, and found 
it possible, by an air-lift installation, to save the 
capital cost of one well, two compressors and other 
duplications being employed at the surface. So far 
as he knew, nothing had since gone wrong with the 
pumping. 

Mr. Percy Griffith remarked that he had himself 
dealt with the subject under discussion in a 
paper, not from the theoretical and scientific aspect 
considered by the author, but from a commercial 
standpoint. There was, however, a distinct need 
nowadays for bringing the two points of view nearer 
toeach other. Attention had already been directed 
in the discussion, to considerations other than eco- 
nomic affecting the large demand for air-lift plant in 
this country ; indeed, the speaker believed that it 
cost three times as much to pump water with air-lift 
than with the ordinary economical form of pump, 
and he had not heard it suggested that the air-lift 
system should be applied where any other form of 
pump could be conveniently and economically em- 
ployed. Air-lift pumping had, however, so many 
applications to special circumstances that more 
should be known of its actual and theoretical 
working, so that definite information might be 
available. In this relation, he desired to direct 
attention to the fact that the Institution of Water 
Engineers would discuss the subject on December 7 
next, and he urged the advantage of the Institution 
of Mechanical Engineers arranging a joint meet- 
ing; in any event members interested would be 
welcome at the meeting to be held by the Water 
Engineers. He concluded with a plea for adequate 
research to be made into the subject, with a view 
to the production of an air-lift apparatus which 
could be applied under more economical and favour- 
able conditions than at present. 

Mr. Munro remarked that the author had claimed 
an efficiency of 80 per cent. or 90 per cent. for the 
air-lift pump, and in Table I had set out the effi- 
ciency of the eduction pipe as the equivalent in work 
done in horse-power divided by the energy of the air 
leaving the foot-piece, the figures submitted being 
61 per cent. to 62 per cent., much below 80 per cent. 
or 90 per cent. Comparing the air-lift itself with 
the ordinary deep-well pump, and leaving out of 
account the steam cylinder, comparable with the 
compressor, the efficiency of the other parts of the 
deep well apparatus amounted to 90 per cent. or 
92 per cent., which showed a large margin in favour 
of the deep well pumping engine. The author had 
said nothing about coal consumption, whereas in 
most tests some idea of the coal consumption per 
P.H.P. per hour was given, and the cost of pump- 
ing could be estimated. The author had also 
stated that current practice favoured greater 
ratios of submergence to lift the lower the lift, 
and he (Mr. Munro) would inquire whether 





this reduction of ratio was voluntarily or com- 
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pulsory on the part of air-lift pump constructors. 
Deep submergence was impracticable with deep 
lifts ; when the pipe reached the bottom it would 
go no further. 

Mr. Edward Batten narrated, as an instance of 
commercial courage and enterprise, an experience, 
dating back some years, in which a large quantity 
of water was required for evaporative condensers. 
The quality of the water was of little consequence. 
A firm of engineers who had specialised in this 
work offered to find the water and to take over the 
plant, charging, per 1,000 gallons, the rate asked 
by the waterworks people. They agreed, further, 
to pay for the fuel used in running the plant, and 
to turn over the plant to the original owners at the 
end of five years, free of cost. The proposal was 
accepted and the scheme carried out, the plant was 
returned at the end of the five years, with complete 
satisfaction to all parties to the contract, 

Mr. H. F. Rutter regarded the question of corro- 
sion of the internal surface of the eduction pipe as 
one of great importance. With continued use of 
such pipes the coefficient of friction rapidly in- 
creased, and the prevention of corrosion of steel in 
contact with water was a problem calling loudly for 
solution. No coating so far tried was entirely satis- 
factory. Possibly the remedy would be in the use of 
some unoxidisable alloy of iron, or possibly the 
application of some substances which would com- 
bine chemically with the surface of the steel, and 
so prevent corrosion, might be hoped for ; experi- 
ment had progressed in the latter direction. 

Mr. W. H. Patchell, the next speaker, had 
found that engineers were driven to the air-lift 
pump on account of the repairs involved in the 
use of deep-well pumps and the capital cost of 
putting down new pumps. The first deep-well 
pumps he had dealt with were placed in a 6-ft. well 
something like 130 ft. or 140 ft. deep, with a bore 
hole at the bottom of it. Two pumps were in the 
well, and they gave considerable trouble. Getting 
down to them was a long and not easy job. He 
therefore put down air-lift pumps in other works, 
all the moving parts and machinery being on the 
surface. The well gave no trouble, although, after 
some years working, the air-pipe had to be renewed. 
The previous speaker was in error in supposing that 
corrosion of steel was produced by contact with 
water ; it was contact with air and water that set 
up the trouble ; immersion in air or immersion in 
water did not matter, but mischief arose with 
alternate wetting and drying. Therefore it was 
only necessary to pull out and repair the pipes, 
and the considerations of cost and time were unim- 
portant. As to efficiency, the speaker had always 
maintained that, compared with a well-made 
plunger pump, with good gearing, the efficiency of 
the air-lift type would scarcely bear speaking of ; 
but the overall, commercial efficiency of the latter 
pump was far and away better. This, however, 
might not apply if power current were purchased at 
too high rates. 

Mr. E. L. Burne observed that the difficulty of 
determining the efficiency of the air-lift pump 
beforehand was another circumstance additional 
to low efficiency militating against its adoption. 
If any guarantee, for instance, were given for 
raising a definite quantity of water a large margin 
had to be allowed in reiation to the compressor. 
On the question of arranging the two pipes 
in the nozzle in such a manner as to get definite 
results, it appeared to him that this should be 
a simple thing to effect; frequently, however 
this was not the case. The speaker regarded 
the type of foot-piece shown in Fig. 3 of the paper 
as a step in the right direction, and took the view 
that too much attention had been given to certain 
particular types of foot-piece. On the subject of 
avoiding corrosion in the pipes, he suggested the use 
of copper, although, in long lengths, difficulties 
might arise, especially with the screw threads; at 
all events, the lower portions might be of copper. 
He thought the author’s displacement theory met the 
facts, and possibly explained pulsating delivery. 
He would expect, from the “ flotation” theory, as 
he would call it, a more or less regular delivery of 
water, but his experience with air-lift pumps did not 
confirm this. Nevertheless, as practically con- 
tinuous discharge of emulsion had been observed 





(tests 6, 7 and 8 in the D series), he would assume 
that the “ flotation ”’ theory was realisable under 
certain conditions. If the displacement theory 
were correct, it emphasised the importance of re- 
ducing friction in the eduction pipe ; otherwise dis- 
placement would take place outside. Moreover, the 
theory furnished a reason for enlarging the educ- 
tion pipe as the top was approached. The author’s 
plan of increasing the size of the eduction pipe by 
stages was doubtless the best practical expedient. 

The President asked the author for further infor- 
mation on the theory of the pump. The object of 
the paper, he presumed, had been to try and _illus- 
trate the theory of air-lift pumps, and to give one 
or two experiments on which an attempt to deter- 
mine the constants could be based. Two theories 
were given for determining the two equations, i.e., 
the relation between volume of air used at atmo- 
spheric pressure and the volume of water pumped 
out. The methods differed totally: which was 
right ? The author assumed Vm to represent the 
volume of air in the eduction pipe, at some mean 
pressure, the volume of the water being given as 
Vn, and had then proceeded to state that because 
Vn was the volume of water pumped Vm would be 
the volume of air required per minute. There was, 
however, no necessary relationship between the two. 
To the speaker the ratio between the air and water 
in the eduction pipe at any moment was not the 
same thing as the ratio of air to water discharge, 
which, he thought, would depend upon the shape of 
the eduction pipe. There might, however, be some 
explanation of this apparent flaw in the argument. 
Turning to Fig. 8 of the paper, representing the 
conditions after a single bubble of air had been in- 
jected, the author had stated that the weight of the 
bubble was negligible when compared with an equal 
volume of liquid, and the bottom of the eduction 
pipe being open, the pressure on the two sides of 
the plane X—X would remain balanced ; therefore 
there must remain in the eduction pipe after the 
injection of air the same volume of liquid as before, 
and the height of the liquid in the eduction pipe 
must accordingly be raised. The speaker contended 
that that would only be true if the bubble filled the 
whole of the pipe, the difference in pressure between 
the two sides of the plane depending entirely upon 
the head of water. Whether or not the bubble was 
put in the middle of the column would not in the least 
alter the head of water. Some explanation seemed 
to be needed. Ina general idea of the pumps in 
question, the important considerations were, if the 
well were large enough, to get a good bell-mouth 
entrance, to divide up the air jets considerably and 
obtain a low velocity. 

Mr. Purchas then replied to the discussion, leaving 
for a written communication points demanding 
special consideration. Mr. Dolby had asked for 
definition of terms, but the speaker had referred in 
the paper to the lamentable lack of some standard 
for making and recording the tests, and he had 
employed those names which he regarded as the 
best. Co-operation to secure the suggested standard 
was highly desirable; it was annoying when 
attempting comparison of tests published by dif- 
ferent people, to find that the results were recorded 
in different ways and the terms had different mean- 
ings. The differential pressure gauge he had used 
was a home-made instrument. A start was made 
with a plain U-tube, but it was found that for 
small differences no readings were obtainable. The 
actual readings could, however, be magnified by 10 
when the tube was made into a V-tube, with a 
grade of 10:1. Gradually he had developed an 
instrument which could be bent, by means of 
swivel joints, into a form which was practically 
horizontal; graduated scales were put on, and a 
very simple gauge was produced in that way. 
Referring to the objections raised to his records of 
volumetric efficiency of the compressor from the 
cards, he would explain that in tests Series A he 
had no means of measuring the air actually used ; 
in the later tests he had. Therefore in the A tests 
the volume used, measured at the temperature of 
the liquid, had to be assuméd, and as some guide 
he had had put in, for comparison, the values 
taken from the cards, showing that piston leakage 
and other matters were somewhat the same. He 
had also wished to demonstrate that the 95 per 





cent. repeatedly given as the volumetric efficiency 
of the compressor, upon which the volume of air 
used was based, did not compare with the realised 
figures, which, in the case of the plant under dis- 
cussion, was nearly 70 per cent. Objection had 
been raised to two of the considerations upon which 
he had based the volumetric efficiency of the 
compressor. He had included the two items for 
the reasons above explained. In estimating the 
volumetric efficiency for Series A only he had taken 
the known condition of the valves and guides, and 
also of the cooling jacket, into account, because 
he believed they had a distinct bearing on the 
matter. He had taken his coefficients for the 


calculation of flow through the orifice from the 


paper contributed to vol. xxvii of the Proceedings 
of the American Society of Mechanical Engineers, 
in which a full description of volumetric tests of 
displacement tanks, with varying sizes of orifice 
and at varying rates of flow, was given. The 
orifice had a dead sharp edge in a plate of given 
thickness. With regard to the parabolic orifice, 
he would ask whether it could be inserted in a pipe. 
(Mr. Reavell here stated that it had been so used.] 
Mr. Purchas, continuing, remarked that an orifice 
of that type would be of great advantage in 
endeavours to test air-lift pumps, the calculations 
based upon the use of other types being long and 
tedious. By the phrase “best compressor” he 
had meant the compressor which would deliver a 
given volume of air for the least energy ; he agreed 
that, in this connection, he should have used the 
term “ weight.”” When stating that air-lift pumping 
had fallen into disrepute, he had added the words 
“with many,” and he referred more particularly 
to engineers who were not specially interested in 
that class of work. With regard to the foot-piece 
he admitted that the clogging of the air pipe was 
a serious fault, and, as a result, after a few months 
running, it became necessary to put on an additional 
air pressure of 30 lb. to the square inch, and 
eventually the foot-piece had to be removed because 
no air could be got through. He would like to 
point out that the tests made were progressive from 
year to year, and the displacement theory had 
therefore been gradually evolved from experience. 
In regard to the opinion that commercial efficiencies 
should always be stated, he agreed, but he must 
lay the blame for lack of development of the air-lift 
pump on the fact that only commercial efficiencies 
were stated; the use of cheap compressors of low 
efficiency was frequently responsible for the ill 
repute in which air-lift installations were held. 
In his paper he had endeavoured more particularly 
to bring forward the theoretical as distinct from 
the commercial aspect of air-lift pumping, and 
it was for this reason that he had not raised the 
question of merits. The interesting application by 
Mr. Swindon of the air-lift system to the pumping 
of hot liquids was the first of the kind that he had 
heard of. As another instance of the exceptional 
use of air lift, he would mention its substitution for a 
suction dredger, water and sand being discharged 
from the bed of a lake. In reply to Mr. Druitt 
Halpin, he would point out that the tests were 
made with a view to getting results from the working 
of the air-lift pump itself, and for that reason the 
indicated horse-power was omitted from the test 
records. He would, however, endeavour to look 
up the information desired. He could not in the 
least agree with the statement that air-lift pumping 
was three times as costly as any other. On the 
practical side he had been interested only in 
installing air-lift plant for firms he had been engaged 
with; but he was convinced, in the ease of the 
plant tested, that the pump would prove more 
economical than any other pump. As to the claim 
he had made for a possible efficiency of 80 per cent. 
for the air-lift plant, he would point out that the 
figures actually recorded showed 62 per cent., and 
in speaking of the method of designing he had 
assumed an efficiency of 70 per cent., beyond which 
he was not at present prepared to go; this figure 
of 70 per cent. was, moreover, supported by the 
curve shown in the diagrams. In an earlier paper 
which the speaker had written, he had referred to 
the question of cost of plant raised in the present 
discussion. The plant in that case. was worked 
with oil fuel to begin with and, later, natural gas. 
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The cost figure would hardly be of interest, because 
the plant was located in an oilfield and. because 
labour costs were high, involving a great deal of 
automatic control in the way of burners, feed 
water, &c. As he had said, he was chiefly con- 


cerned, in the case of the tests recorded in the 


paper, with the air-lift pump operation. A question 
had been asked as to whether the ratio of submersion 
was voluntary or compulsory, and he could only 
say that in discussing the point with engineering 
firms they agreed upon this ratio, although in many 
cases it might be forced upon them owing to the 
depth of the well. Nevertheless, many preferred 
a higher ratio of submergence for low lifts than 
for high ones. The subject .of corrosion was a 
large one in itself, and in the course of his tests 
corrosion was a constant trouble. In connection 
with the diagram, Fig. 9, of the paper, the eduction 
pipe used in that test was badly corroded; not- 
withstanding the efficiency, curiously enough, was 
not less than in the case of a clean pipe. | Corrosion 
difficulties occurred both in the lift and in the wells. 
It might interest Mr. Rutter to know, if he were 
not already aware of it, that the Western Australian 
Government had issued a bulletin dealing with 
corrosion, and the speaker had, in fact, availed 
himself of some of the suggestions made therein, 
such as passing the water through a vacuum tank. 
As to the suggestion that the lower portions of the 
eduction pipe should be of copper, he might say 
that the corrosion was equally bad at the foot and 
the top; apparently, it was uniform from top to 
bottom, for which reason the use of copper at the 
bottom would help matters little. 

The president then announced that Mr. Purchas’ 
paper would be read again in Leeds at an early 
date. Further, that the Thomas Hawksley lecture, 
on “‘ Heat Engines,” would be delivered by Captain 
H. Riall Sankey in the Hall of the Institution of 
Civil Engineers, on the 30th inst., at 6 p.m. Every 
effort would, the president said, be made to comply 
with the request from provincial places that the 
lecture should be delivered there. He concluded 
the proceedings with the, further announcement 
that the next ordinary general meeting of the 
Institution would be held at 6 p.m. on Friday, 
December 14, next. 





THE LATE MR. PETER DENNY. 

Many will share our regret at the announcement of 
the death, from heart failure, at his residence, Crosslet 
House, Dumbarton, on the 19th inst., of Mr. Peter 
Denny, a member of a family which has done much 
work to establish shipping. and marine engineering on 
a truly scientific basis. In this work Mr. Peter Denny 
took an effective part. At the same time he fulfilled 
in a marked degree those varied duties of an employer 
of labour connected particularly with the social life 
of the worker. Indeed, in this respect he, like his 
relatives, has shown an example worthy of imitation 
by other leaders of industry. 

Mr. Denny was the second son of the late Mr. Peter 
Denny, LL.D., long the head of the Dumbarton firm, 
and was born on June 30, 1853, being thus in his 
sixty-fifth year. He served an apprenticeship of five 
years in marine engineering in Messrs. Denny and 
Co.’s works at Dumbarton, passing through all the 
departments. He added to his experience by being 
for a short time an engineer on board ship. On his 
return he was appointed to the managerial staff, 
becoming, in 1879, a partner in the firm. Four years 
later, he joined the firm of Messrs. William Denny and 
Brothers, shipbuilders, along with his brother, Sir 
Archibald Denny, Bart., Colonel Denny, another 
brother, having been admitted to the partnership in 
1881. From this time onward he was a coadjutor 
with his seniors in the firm, and his sound judgment 
and practical experience were important factors in the 
success of the progressive policy which characterised 
the constructional work of both firms. It is well 
known that, first, the firm led the way in the design of 
ships, in many important evolutions. Secondly, in 
marine engineering their paddle-wheel machinery 
resulted in a great advance in speed, as was evidenced. 
particularly by the vessels built for the Belgian Govern- 
ment and trading between Dover and Ostend ; later, 
similar progress was made with twin-screw steamers, 
first with high-speed reciprocating engines and later 
with turbines. In the construction of all this machinery 
and in the trials, Mr. Peter Denny showed active 
enthusiasm, and in this way inspired all under him. 

The subject of our memoir joined the Institution of 
Naval Architects in 1880, but took little part in-their 





proceedings. In connection with the foremen’s 
organisation in Glasgow, however, he found an outlet 
for his desire to promote professional interests. In 
Dumbarton corporate and social life he took a full 
share of employers’s responsibilitity. He served for 
some years on the Town Council and in the magistracy. 
he was also on the County Council, was a justice of the 
peace for the county and honorary sheriff substitute in 
Dumbarton ; on the bench he displayed a surprising 
knowledge of the law for a layman. He was one of 
the founders of the Dumbarton School of Science and 
Art, and took a prominent part in it. He was active 
in all agencies, having been President of the Philo- 
sophical Society, Choral Union, and of most of the 
athletic clubs. He was associated with Mr. Douglas 
White, of Overtoun, in presenting a children’s park 
and playground to the town. In this and other ways 
he exercised great influence, which was enhanced by 
his kindly disposition and gentle nature, being ever 
ready in sympathy and benevolence. Since the war 
broke out he had wider opportunities for the operation 
of these distinctive characteristics, and in all this work 
was greatly assisted by his wife, with whom much 
sym pathy is felt. 





THE LATE MR. ALEXANDER ADAMSON. 

WE regret to learn of the death, at his residence, 
St. Andrew’s, Chislehurst, of Mr. Alexander Adamson, 
who, in the ’seventies and ‘eighties, took a prominent 
part in the evolution of the modern Atlantic liner, 
and was later identified with the early stages of develop- 
ment of the Barrow works, now the most important 
naval armament and munition works in the kingdom. 
Although Mr. Adamson retired from the shipbuilding 
business about seventeen years ago, he took some part 
in the shipping business of his sons, 

Mr. Adamson was born in Glasgow on October 29, 
1846, and was thus in his seventy-second year. He 
was educated at the school in Carlton-place conducted 
by the late Mr. John Mayer, where many of the ship- 
builders and engineers of the past generation got their 
first training in technical subjects. He served his 
apprenticeship at the engineering works of Messrs. 
Randolph, Elder and Co., from 1861, the firm having, 
in the previous year, commenced shipbuilding in the 
present Fairfield yard. Mr. Adamson received a 
thorough training, both in practical work and design, 
and when Sir William Pierce joined the firm in 1869 
Mr. Adamson was appointed chief draughtsman in the 
shipbuilding drawing office. From this-date onwards, 
until 1883, he was closely identified with the successive 
Fairfield-built Atlantic liners which won the name of 
“Greyhounds of the Atlantic.” He was appointed 
shipyard manager in Palmer’s Jarrow works in 1883 
and, later, entered the employment of Messrs. Arm- 
strong, Mitchell and Co. at their Low Walker yard, 
on the Tyne. There he continued until the late 
Mr. Bryce-Douglas took over the managing directorship 
of the Barrow works, formed in 1871, and reconstructed, 
in 1888, under the title of “The Naval Construction 
and Armament Company, Limited,” with the late 
Duke of Devonshire as chairman and Mr. Bryce- 
Douglas as managing director. The last-named 
engineer had been at Fairfield when Mr. Adamson was 
there, so that there was complete sympathy between 
them. Their association at Barrow, however, did not 
last long, as Mr. Bryce-Douglas died in 1891, and 
Mr. Adamson succeeded him as managing director. 
The passing of the “Naval Defence Act” and the 
formulation of a programme of naval construction 
extending over a considerable period, was coincident 
with Mr. Adamson’s appointment to the Barrow works, 
and he and his co-directors, by their enterprise in 
works development, greatly assisted the Government in 
carrying through their extensive programme. Thus, 
during the twelve years that Mr. Adamson was at 
Barrow, there was constructed a succession of warships 
of every type, as well as a large number of merchant- 
men, the total number of vessel of all types launched 
during his regime being 117. The Vickers Company 
took over the works in 1897, and Mr. Adamson retired 
in April, 1900. 

Mr. Adamson had a remarkable grasp of details in 
design, and was thoroughly practical in his work. 
He was a most painstaking worker. Although a 
J.P. of Barrow he took no part in public life, devoting 
all his time to the advancement of the establishment. 
He was elected a member of the Institution of Naval 
Architects in 1882, and served for some years on the 
council, from 1898. He is survived by his wife and a 
grown-up family, with whom there is much sympathy. 





PrersonaL.—Mr. Leonard Harrold, of 57, Grace- 
church-street, London, E.C.3, has been appointed 
representative for London and the district o' rs. 
M. and G. Beaumont, of Briar-street, Nottingham ; 
of Messrs. Mountford, Phillips and Co., Limited, Brierley- 
hill, Staffordshire ; and of Messrs. T. Toward and Co., 
Limited, Newcastle-on-Tyne. 





INDUSTRIAL NOTES. 


THE Director of the Department of Labour Statistics, 
dealing with the labour market, states in The Labour 
Gazette, that nearly all the principal industries were fully 
employed in October, and in many cases much over- 
time was worked. In the cotton, woollen and worsted 
trades, however, employment was affected by the 
current orders restricting consumption. 

The changes in rates of wages (including war bonuses) 
reported in October affected nearly 600,000 work- 
people, and resulted in a total increase of over 130,000/. 
per week, 

The principal changes reported were the bonus of 
12} per cent. granted to skilled engineers and iron- 
founders employed at time rates on munitions work, 
and the further increases to woollen and worsted opera- 
tives in Yorkshire, by which the wages of piece-workers 
in the weaving branch were raised to 48 per cent. or 
51 per cent. above pre-war rates, and those of other 
operatives to 60 per cent. above pre-war rates. 

The number of disputes beginning in October was 
69, and the total thas, a of workpeople involved in all 
disputes in progress was 86,417, as compared with 
77,767 in the previous month and 18,697 in October, 
1916. The estimated total aggregate duration of all 
disputes during the month was 568,200 days, as 
compared with 705,100 days in September, 1917, and 
106,600 days in October, 1916. 

The average weekly number of vacancies notified to 
all Employment Exchanges for the five weeks ending 
October 12, 1917, was 38,097, as compared with 38,133 
in the previous four weeks and with 40,005 in the five 
weeks ending October 13, 1916. The average weekly 
number of vacancies filled for the same periods was 
28,477, 29,363 and 30,413 respectively. 





The Ministry of Labour forwards the following for 
publication :— 
The Building Trades Central Advisory Committee 
(Operatives) which advises and assists the Ministry of 
ur on matters affecting workpeople in that 
industry, which arise in the administration of the 
Employment Exchanges, held their eighth meeting on 
Wednesday, the 14th inst. The committee discussed, 
among other subjects, the arrangements for setting 
up an Advisory Committee in connection with the 
a ey Central Employment Exchange for the 
uilding trades in London. They also considered the 
question whether the Employment Exchanges, in 
submitting men for vacancies notified by employers, 
should give a preference, other things being equal, to 
discharged sailors or soldiers. On this point the 
committee agreed to advise the department that, in 
their opinion, it would be inadvisable to depart from 
the existing procedure under which purely industrial 
considerations are taken into account. 





A Women’s Trade Union Advisory Committee, 
consisting of representatives of the trade unions which 
comprise women members, has been formed at the 
request of the Ministry of Munitions. The committee 
is analogous to the committee set up by Mr. Churchill 
some months ago to advise on matters concerning men’s 
work, and it is proposed to refer to it all questions 
affecting the employment of women on the production 
of munitions. It is to be understood, however, that 
the work of the new committee will not overlap that 
already done by the Women’s Wages Tribunal. 

Mr. Churchill, at the first meeting of the committee, 
explained its constitution and procedure, and empha- 
sised the fact that the Ministry of Munitions strongly 
realised the importance of its work in regard to the 
employment of women. “We are,” he said, “in- 
comparably the greatest employers of women there has 
ever been in the world ; in fact, we are the pioneers of 
women employment in the industrial and even in the 
military field. Whatever may be the future position 
which women labour will take after the war, it will be 
enormously influenced by the actual practice which 
has been followed during this period when so much 
is in the making, and when so much control is vested 
in the organisation of the Ministry of Munitions.” 

“The relation of woman labour to male labour,” he 
added, “is one of the most difficult questions which 
could be presented, and yet it is a question which 
requires a fairly simple answer. It is perfectly clear 
that it would not be in the interests of women to’claim 
a ‘cut-and-dried ’ equality or a rigid equality. That 
would end in their being very largely excluded from 
the industrial community. What they want is a 
comparative equality, an equality which makes full 
allowance for the necessary differences of sex, strength 
and requirements of physical well-being, and’ which 
assures to both sexes in the industrial community the 
means of giving the fullest contribution that they can 
give without mp ry 4 to health and happiness, to the 

ral welfare of the State, and secure to them in the 
airest measure the legitimate share of the rewards 
of the labour they have centributed. 

“No - question affecting women’s employment,” 
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Mr. Churchill further stated, ‘is excluded from the 
deliberation of this new Advisory Committee. If the 
committee,” he concluded,” is able to develop a 
powerful, penetrating and enlightened view of these 
subjects I do not see the limits of the usefulness and 
power which they may come to exert in the near 
future.” 





A correspondent writing to The Glasgow Herald 
states that the recent Order issued by the Ministry of 
Munitions whereby skilled engineers and moulders, 
paid strictly by time rates, must receive a bonus of 
124 per cent. on their earnings, has had the effect to 
create grievances and to multiply difficulties in the 
industrial world on the Clyde. 

In the Clyde area, the Order has given rise to a 
series of intricate problems as to the nature of certain 
bonuses, and the settlement of these, unless some 
special machinery is set up, will require a long period 
of time, during which the various workers affected 
will labour under a feeling of injustice and will be 
irked by the delay. The solution of the difficulties 
within the Order itself must be speedily found, and to 
this end a special local wages tribunal might be 
constituted. 

This, however, will only touch the fringe of the 
question in so far as it leaves unaltered the position 
of the numerous aggrieved workers who are at present 
excluded from benefit, and fails to take cognisance of 
the inhibiting influence of the award upon the extension 
of payment by results. It may as well be confessed 
that the only feasible plan seems to be either to with- 
draw the Order or make it quite general in its — 
Withdrawal would now probably prove impracticable 
—it would be too much to expect the men who have 
gained to make the necessary sacrifice—and the 
conversion into a universal advance to munition 
workers has the merit of at once abolishing the particu- 
lar difficulties which already have become apparent 
and quieting the general feeling of unrest. The 
failure at the time of issue to appreciate the influence 
of the document may be regretted, and the necessity 
to extend its cope because of its effect upon the mind 
of labour may be deplored, but the price is worth 
paying, if disquiet and disaffection can be prevented 
at the present juncture. Of course, such an extension 
will leave unsolved the inequalities between skilled 
men on time and diluted labour on piece in certain 
establishments, but these are not beyond repair, 
and experience will surely teach another method than 
a vaguely worded Order. 

The Cabinet have agreed to the 12} per cent. bonus 
being paid to all time-workers employed on munitions 
and shipbuilding. 





Mr. W. W. Wood, junr., Wardsend Steel Works, 
Sheffield, in an address which he recently gave to a 
meeting of Ecclesall conservatives, dealt with British 
and German trade. He said that the question of Fair 
Trade, or Tariff Reform, should not be treated as one 
of politics. He believed there were some firms who 
had benefited by the importation of cheap German 
goods, but there were other firms who had not benefited. 
He could give them his own experience in regard to one 
of his own products, namely, wire rods, Of these his 
firm manufactured some thousands of tons per year, 
and they were largely used for Admiralty and other 
Government purposes. When the war broke out in 
1914, German rods were pouring into this country 
in larger quantities than ever, at a price which brought 
down the selling price of English rods to such a figure 
that it left practically no profit, and in some cases 
caused a dead loss. The system consisted in the main 
of erecting large plants in Germany capable of turning 
out much more than was needed for home requirements, 
and then dumping the surplus, which in this case 
amounted to about 100,000 tons per annum, into this 
country, the total transaction showing a satisfactory 
profit. One of the most annoying features about this 
dum ping was that goods were carried from the Continent 
to Sheffield for less than the home manufacturer could 
send goods from Sheffield to Birmingham. In view 
of this, it was not surprising that manufacturers 
hesitated about cima. bay yd on new works, and that 
they were not always able to pay such wages to their 
workpeople as they would have wished. He did not 
think that the whole question of Tariff Reform could 
be dealt with from the point of view of any one or even 
of any dozen firms, but the point to be considered 
was as to which method would make for the greatest 
ay: of the nation, and this could only be arrived at 

y taking a consensus of opinion on the subject. As 
regarded the particular trade he had named, if the 
same state of things had gone on, the Germans would 
have absolutely beaten this country within fifteen 
>. On the other hand, if German goods were 

pt out after the war, every workman engaged in the 
wire trade would be assured of full time and good. pay. 
He did not believe in going baldheaded for or against 
@ subject simply because one side or the other might 





adopt it, or simply because it might or might not benefit 
one particular section of the community. But he could 
not conceive of any Government in its senses not only 
allowing but requesting manufacturers to put down 
t and spend large sums of money to meet the 
emand for goods which previously came in from 
abroad, and then consenting to the same state of 
things being resumed which prevailed before the war. 





Official statistics have now been issued dealing with 
strikes and lock-outs in Denmark during the first five 
years (1911-15) the Mediation Bureau has been in 
existence. The number of labour disputes in this 
period amounted to 274, or an average of 55 per year ; 
22,500 hands went out on strike and 25,000 were 
locked out, of which latter figure nine-tenths fall 
to the year 1911. The number of operatives covered 
amounted to about 150,000. The number of working 
days lost aggregated 1,164,000, which represented a 
total of over 4,000,000 kronen lost in wages. The 
employers’ loss through the disputes cannot adequately 
be made up. Among the labour conflicts, 75 ended 
in favour | the employers, 93 in favour of the opera- 
tives, whilst 85 ended in a compromise, and in the case 
of 21 the settlement was indefinite. During the five 
= covered by the statistics, 32 disputes were settled 

yy the mediation of the State arbitrator, whose timely 
intervention is acknowledged to have prevented other 
labour disputes from coming to a crisis. 





We have received from the Secretary of the General 
Federation of Trade Unions an advance proof of his 
latest report, in which the following is stated :— 

During the past three years the federation has 
interpreted the situation and the solid mass of public 
opinion more accurately than any other Labour 
organisation, and it has made fewer mistakes. When 
war broke out it appealed for national solidarity, and the 
considerate treatment of soldiers and their dependants. 
It pointed out that the controlling of prices and the 
organising of distribution was of more importance than 
increasing nominal wages, because the two former 
factors affected all the people, while the latter only 
affected sections of them, and these even did not 
benefit commensurately. 

Early in 1915 it proposed to the Board of Trade 
that the sale of ships both within and without the 
British Register should be stopped, and that all internal 
transit, including ships, canals and railways, machinery 
and appliances, should be pooled and used for the 
common good. Had there been adequate support from 
all other labour organisations more rapid progress and 
better results might have been achieved. 

The federation opposed the Stockholm and Berne 
Conferences because, having experience and being 
without political ambitions, it was able to foresee the 
futility of gatherings, the component parts of which 
had reached no clear idea of what was wanted or what 
was possible, and who would necessarily be antagonistic. 
Every day had brought new justification for its attitude 
and new condemnation of those who, lacking knowledge 
of the mentalities of peoples in other countries, had 
presumed to advise and guide. The General Federa- 
tion of Trade Unions warned its members, and through 
them other people, of the danger which would follow 
any imitation of the impracticability which had 
endangered the Russian revolution, and it insisted upon 
the need of affording British industry the fullest post- 
war opportunities for readjustment and expansion. 
It had insisted also that in any peace settlement the 
colonies and dependencies who have fought shall also 
negotiate. 

As far back as July, 1916, it issued an international 
Labour charter, which has been copied or reproduced 
in many countries. 

Because the federation has done these things it is 
called reactionary. It is quite content to be judged 
by its record. It only asks that its record may be 
considered. 

Financially the federation was stronger now than at 
any period during its existence. There had been a 
slight increase in the number of disputes for which 
benefit had been claimed, but these had been of short 
duration, and over 12,0001. had been carried to reserve. 





In the course of his presidential address, delivered 
last Saturday before the Cleveland Institution of 
Engineers, Middlesbrough, Mr. J. H. Harrison, 
M.Inst.C.E., M.Inst.M.E., mentioned the progress 
which the Tees-side iron, steel and shipbuilding trades 
had made, and stated that all the evidences shown of 
increasing activity and of productive power were 
clear proof of a great awakening to the fact that the 
Tees-side district was by far the most important 
district in the whole country for the production of iron 
and steel. The work the Tees ancy Com- 
missioners had done and were doing for the benefit of 
the district was not fully appreciated. The Com- 
missioners had converted a straggling stream into a 
mighty river, and had cabana and successfully 


induced industrial concerns to settle down on the banks 
of the Tees. The Ministry of Munitions had “ dis- 
covered ” Middlesbrough, and had put a value upon 
it which ought not = to be kept hold of, but con- 
tinually increased. iddlesbrough had mn too 
modest, and had been satisfied too easily with the 
production of the raw material upon which the greatness 
of the nation was built, and which was even now, in 

rs, enabling its greatness to be felt throughout 
the world. Middlesbrough and district was destined to 
become recognised as one of the greatest capital assets 
in the country, The corporate bodies who managed 
the town and district would have to take a broad and 
bold view of what was coming, and prepare, from a 
national, as well as from a local point of view, to keep 
in front of the requirements of what was to be a vast 
manufacturing centre. 





At a recent conference of the American Electric 
Railway Association in New York, two aspects of the 
labour situation were presented in two papers, the one 
discussing the possibility of the wider use of women in 
railway service, and the other the question of the so- 
called war bonus for employees. The author’s views 
on the latter subject, says Llectric Railway Journal, 
New York, were, briefly, first that labour would be 
scarce for a number of years after the war and, secondly, 
that with conditions as they were at present railways 
could not afford to pay a war bonus. In these circum- 
stances, the two alternatives were the more extended 
use of female labour and the use of less platform 
labour. 

The thought was expressed by several managers, 
both before and after the meeting, that women could 
serve in many more positions than they now did in 
electric railway operation. 

Women, adds the American journal, had long been 
extensively employed in railway shops, in the manu- 
facture of coils and in armature repairs; but the 
experience abroad in ammunition work showed a much 
wider range of opportunity in the shops than this. 
Thus, in Europe, women had shown their ability to 
operate machine tools, and in such work their delicacy 
of touch and pride in their work gave them advantages 
over men. All-in-all, there seemed to be no reason 
why they could not be employed to a greater extent 
in electric railway repair shops than at present. 

It was, however, on the platform that the largest 
field was open, because of the large percentage which 
platform labour bore to all labour employed on an 
electric railway. As far as conductors were concerned, 
much of the supposed prejudice on the part of the 
public in this sphere would be found not to exist on 
actual trial. 





The final result of the ballot of the South Wales 
miners on the issue of the adoption of a “ down-tools ”’ 
policy in connection with the military “‘ comb-out”’ 
has now been officially declared as follows :— 


For the “‘ comb-out ” 98,946 
Against ise Na 28,903 
or & majority for the “comb-out ” of 70,043. 
The result is generally and rightly regarded as a 
rout of the pacifist element. It is acknowledged on all 
hands that it would have been still more decisive 
but for the attitude of considerable numbers of the 
men, including one whole district—that of Risca, in 
Monmouthshire—who declined to have anything to 
do with the ballot on the ground that they were deter- 
mined to go on working whatever might have been 
the upshot. It was also unfortunate that the 
examiners’ strike synchronised with the dates for 
taking the ballot, and this coincidence helped the 
malcontents very appreciably. It is also noteworthy 
that in almost every case the pacifist leaders failed to 
secure an affirmative majority even in their own 
lodges. 





As the result of a referendum to the members of 
the South Wales Colliery Examiners’ Association, 
who recently came out on strike, an agreement has at 
last been reached in connection with the men’s demand 
for recognition. The coal owners having modified 
their proposals, these were referred to the members of 
the association, and a conference vote was taken this 
week which resulted as follows :— 


For accepting the terms 
Against acceptance .... ; 
Or a majority for acceptance of 3.059. 


The dispute may, therefore, now be regarded as 
settled. 


3,339 
280 





Tae Herovit Execrric Street Furnace.—Licenses 
for the installation of nine Héroult electric steel furnaces 
have been Fg by the United States Steel Corpora- 
tion, says Iron Age, to three private firms and to the 
Watertown Arsenal. The erection of these nine furnaces 





bri to 144 the total operating or contracted for in 
the United States and Canada. 
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SOME NOTES ON AIR-LIFT PUMPS.* 


By A. W. Purcnas, of Wolverhampton, Associate | 
Member. j 


Tue subject of air-lift pumping has not received the 
attention it deserves from engineers, and has fallen 
into disrepute with many. here are several good 
reasons for this, among which may be mentioned the 
lack of a satisfactory theory, the low efficiency of most 
installations, and the lack of complete and accurate 


3 


float upright with about 5 ft. submerged. This method, 
however, is not recommended, as the float will some- 
times become wedged between the pipe couplings. 

In Series C. and D the lift was measured with the 
device shown in Fig. 4. This consists of a piece of heavy 
brass pipe, inside which a small copper float is free to 
slide at the least impulse. The whole is suspended by 
a duplex rubber-covered cable, graduated in feet, one 
wire of which is connected to the case, and the other 
terminating in a lump of solder on the lower side of the 


in. by 1 in. in section, and 6 ft. long, weighted to | 


| of an air compressor allowing volu 


many tests, that the volume of air used was calculated 
from the known displacement of the low-pressure piston 
tric efficiencies of 
95 per cent. and 97 per cent. Considering the types of 
compressors used, these figures are impossible, and are 
based on lineal measurements from indicator diagrams 
on the assumption—unjustified by experiment—that 
the temperature at the es of compression is the 
same as that of the air at the intake. 
The true volumetric efficiency of a compressor based 
on the ratio of air drawn in at atmospheric pressure and 





reports of tests, so that the causes of the low efficiency insulator, which forms the top of the case. At the top temperature to the displacement of the low-pressure 
are obscured. of the well an electric bell and batteries completed the piston will vary :— 

An attempt is made in this paper to rectify the first, installation. The case was lowered into the well, and Per Cent. 
to show how the second can be improved, and to point its reaching the water surface was indicated by the bell For single-stage compressors ... from 50 to 70 
out in what respects many reports of tests are lacking in at the ground surface ringing. By this means it is , two-stage compressors 60 to 80 
information essential to a thorough analysis for checking | possible to measure the depth of the water surface wit in ;, three of more stage com. 
theoretical formule and deductions. an inch. pressors ... »  80to 95 


An account is given of several series of tests, with a 
description of the methods and the equipment. The 
theory of the pump is then reviewed, and a novel method 
of approaching the subject is given, from which it should 
be possible to evolve rational formule for designing. 
Throughout the paper many references are given, whic 
it is hoped will add to its value. 


EQUIPMENT AND MetHuops EMPLOYED IN MAKING THE 
Tests or Series A, B, C anp D. 


General.—The wells on which these tests were made 
form part of a water-supply system, of which an account 

































It is absolutely impossible to estimate correctly 
the lift from the gauge pressure of the air at the well head, 
and this should never be attempted. Some injection 
foot-pieces put from 5 lb. to 10 lb. per square inch extra 
pressure on the air, and there sometimes is a loss of 5 lb. 
pressure due to friction in the air pipe. A combination 
of these losses might make an error of 30 ft. in the 
estimated lift. 
required to start the well flowing is equally impossible 
since, once the well is started, the lift nearly alwa' 
increases. Reference to tests 1, 2 and 3, of Series D, 
overleaf, shows that under certain conditions the air 


To estimate the lift from the air pressure | 


| the compressor was measured 


The above figures are taken at random from various 
sources, and it is impossible to state ave values.* 

Returning to the tests here recorded, prior to each 
series the air valves of the compressor were examined, 
and their seats put into good condition. On April 26 
and 26, 1914, tests were made of the volumetric efficiency 
of the compressor, and again on May 7 and 8, at the end 
of each test of the air-lift pump. The discharge from 
by means of an orifice, 
the form of which and the method of connection to the 
air receiver are shown in Fig. 5. This meter is a duplicate 










































































° . Connection to } 
Figs.1 to 3. Fig.4. APPARATUS FOR Differential s The 
_ _ AIR-INSEETION FOOT-PIECES. MEASURING LIFT Water-- Gamge ennceabeaeennsienetimtedl 
Pigs. 
SERIES A A, re 
| . . , : Wooden Box 6! 0x10: inside Batre Plate | - 
Fg.ie  Fig.2 Fig. 3. + 
; RIES B. SERIES D. : \Sguare-Edged Orifice in 
= Steel Platt! 0-057 thick 
: f 48 
\ 8 ae .5. = 
S F & gb & ORIFICE METHOD FOR & 
g } & bs oS MEASURING THE , 3 
: = $ S = VOLUMETRIC EFFICIEN Air Recewer > 3 
& : OF AN AIR-COMPRESSOR. = = 
| | y : % 8 LOW- PRESSURE. 8 
z ES | 3 x : SS (5296.8) 
Ss | [4]. ES 
i) 5 
. ig. 2 a. 88 3 y 
3 : Ln SERIES C. ¥ J & 3 
is , 
S 
5 ast] Ih st S 
4 x q ‘ Fe $ 3 
x Sig z. sie & 
Sl FP | OB Oe 8 
S go3] IS, Si iad 
° 8 Eg ° 2 RS ==) 
S ft - § ; 
Rey mz Sky & 8 lof that used by Professor R. J. Durley, of McGill 
S S | University, Montreal, to determine the coefficients of 
Q © ‘2 | the discharge of air through certain forms of orifice. 
: — An account of his work is to be found in the Transactions 
|}of the American Society of Mechanical Engineers, 
vol. xxvii. 
g The formula given in the above paper for calculating 
_ Ine.IZ 6 Q 7 2Feet N the flow through the orifice, is :— 
6296.4.) 


=os200 0a. /%, 
8 T 


Qis the weight of air goes through the orifice 
in pou per second. 
C is the coefficient determined by e 


was presented to the Institution of Civil Engineers. | pressure at the well-head may be less than that equivalent | ;,, which— 
Series A of tests was given at that time, but further to the submersion head of the foot-piece. This may be 
investigation showed that the author had wrongly | accounted for by noting that a column 600 ft. high of air | 
calculated the actual volume of air used, and the average | under 135 lb. per square inch pressure will exert an 


velocities of the rising mixtures in the eduction pipe. | additional pressure on the base of a column of 3.25 Ib. | riment. 


By their kind permission, it is possible to reproduce these | per square inch, due to its weight. d is the diameter of the orifice in inches. _ 
test with the errors corrected, and other valuable |" An alternative method of measuring the lift is recorded é is the pressure inside the meter-box in inches of 
deductions added. by Mr. Kenneth Allen in a paper read before the _ water. ‘aT 

On pulling the eduction m4 from the wells, after | Engineers’ Club, of Baltimore, in 1908, on the wells at T is the absolute temperature F. inside the meter- 
they had been in operation for some le of time, | Atlantic City, U.S.A. x. 


the interior surfaces were found to be heavily encrusted | Air Compressor and Measurements of Air Used.—The| ‘This formula only applies to sea-level, so as the plant 
with nodules of rust, some $ in. high, of such rugged | air compressor is a two-stage, with both air and steam | at Qilfields is 700 ft. above, the following formula was 
outline as to leave no trace of smooth contour on the | cylinders compounded. The sizes of the more important | used to compute the discharge :— 

surface of the pipe. The teste of series A are of one! parts are as follow :— } 








eduction pipe when newly installed, and the tests of | In. sie J é 

Series B are of the same pipe when encrusted as described Diameter of the air cylinders ... 10 and 18} | qu~tee T Pa, 

above. A comparison of these two series shows some | s fe ae steam cylinde 12 ,, 22 lin which— 

very interesting points. The eduction pipe used in the troke o pistons . eee P, is the absolute to a wemene iach 
tests of Series C was badly encrusted, but t of Series D | The air is drawn through a combined forecooler and als de the meter-box. Pic p mt the 


of the air insi 


was clean. | filter outside and on the s side of the building, and | barometric pressure, plus 0.036 é. 


Air-Injection Foot-Pieces.—The foot-pieces used in the | passes through an re te rm he between tho two eit 
various tests ere shown >— | cylinders. The cooling water is circulated by a double-| For testing air-lift pumps, it is probably more con- 
acting piston pump of 5} in. bore, and 5 in. stroke, | venient to install a meter in the air line between the 
|driven direct from the crankshaft of the compressor. | compressor and the well. This is more expensive to 
The suction valves of the cn posite = : er ~~ install, but here ——— —— of 2 pee ae = 
i in Fig. 3. | semi-rotary, and are mechanically o closed by |@ very variable quantity, which cannot otherwise 
nia dgamsantenrlo tts vain | an peewee A on the main paw ang All other air | measured during the tests of the well pump. _ Such in 
The merits and faults of these are discussed later under | valves are automatic, spring loaded and air-cushioned. | meter is shown in Fig. 6. The principle is identical 
the Theory of the Pump. | Many tests, which would otherwise be of the test | with the en ree and the same coefficients of discharge 
Lift.—In Series A and B this was measured by lowering | value to the designer, are rendered of only doubtful | may be presumed to apply, if the velocity of approach 
a float on the end of a steel-tape line between the eduction | value because the volume of air used was not carefully |; ——————-—— ——_—---—— --- 
pipe and the well-casing. The float was a piece of wood | measured; hence the average velocities of the rising| * In this connection, see Engineering News, January 16, 
| mixture can only be approximated. These velocities | 1908, where Mr. H. Tipper, of Fort Worth, Texas, stated 
| are the most important items affecting the efficiency of | that he had known of several compressors running with 
|the pump, and those on which more than any other, | volumetric efficiencies of only 40 per cent., due to poor 
Inst.C.E., | accurate data are required at the present time. | upkeep of valves, &c. See also Professor Goodman's 
It is found in checking the published figures from too | paper, Inst.C.E., vol. exxviii. 





For Series A in Fig. 1. 
For Series B in Fig. la. 
For Series C in Figs. 2 and 2a. 





* Paper read before the Institution of Mechanical 
Engineers, Friday, November 16, 1917. 

t Published in abstract, Proceedings, 
vol, exciii. 
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TABLE I. 
SERIES A. | SERIES B. 

1 Date 23/4/12) 17/4/12) 18/4/12) 19/4/12)/22/4/12 |12/4/12 18/3/14 |18/3/1 4) 18/3/14) 19/3/14) 19/3/14) 19/3/14/20/3/14 | 20/3/14 
2 No. of test .. 1 2 3 4 5 6 1 2 3 4 5 6 7 8 

3 No. of well tested Hy rf 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

4 Duration of test . min. 120 120 120 120 120 150 120 120 120 120 120 120 120 120 
5 Lift when pum ft. | 249 257 256 260 262 263 283 283 284 285 286 287 290 292 
6 | Submersion ms ion ft. | 298 290 291 287 285 248 264 264 263 262 261 260 257 255 
7 Ratio: submersion 1.19} 1.13 1.13 1.10 1.08 1.08 0.93; 0.93) 0.93) 0.92) 0.91 0.91 0.88} 0.87 
8 | Water raised per minute imp. gal. | 138 158 185 188 203 209 66.9 | 93.1 | 110.0 | 120.0 | 138.0 | 146.0 | 160.0 | 168.9 
9 Water raised per minute cub. ft. | 22.1 25.3 29.6 30.0 32.5 33.5 10.7 14.9 17.6 19.1 22.1 23.4 25.5 26.8 
10 Equivalent work done ei -. Repl 10.4 12.3 14.4 15.4 16.1 16.7 5.73 7.98 9.48) 10.3 12.0 12.7 14.0/ 14.8 
ll Temperature of water pumped deg. F. 70 70 70 70 70 70 70 70 70 70 70 70 70 70 
12 Air compressor 8 - én a pe --r-p.m.| 30.7 /| 34.4] 40.9] 46.4 51.5 55.2 20.2 | 24.8] 29.6 34.9 39.8 | 45.2] 55.5] 63.6 
13 Volume efficiency of air compressor, from cards per cent. — — —_ — _— — 95.5 95.7 95.5 95.5 95.1 95.1 95.0 94.6 
14 Volume efficiency of air compressor, true value per cent. 70.0 72.0 75.0 75.7 76.4 76.5 68.0 70.0 69.0 70.0 72.0 73.0 75.0 76.0 
15 | Air in compressor suction pi a a ai a deg. F 79.6 71.5 | 64.9] 62.9 75.3 | 57.4 70.5 75.4 | 83.0/ 69.8/ 75.3] 85.7 74.5 | 78.0 
16 | Air used at atm. press. end toms. of line 11 in cub. ft. per min. | 117.0 | 137.0 | 172.0 | 198.0 | 217.0 | 241.0 76.3 95.6 | 111.0 | 136.0 | 158.0 | 178.0 -0 | 266.0 
17 Do. per cubic foot of water pumped és ob o oe ” 5.3 5.42) 5.81 6.59} 6.67 7.19 7.13 6.42) 6.29) 7.09 7.16 7.62) 8.94) 9.94 
18 Air pressure, barometric . a Ib. per in.2 abs. 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 
19 | Air pressure in air receiver Ib. per in.2 gauge | 134.0 | 133.0 | 139.5 | 142.0 | 145.0 | 149.0 119.0 | 121.0 | 124.5 | 124.0 | 128.5 | 133.0 | 143.0 | 152.9 
20 | Air pressure at well h Ke a Ib. per in.2 gauge | 131.0 | 131.0 | 136.0 | 138.0 | 142.5 | 145.8 118.0 | 120.0 | 122.5 | 122.0 | 125.0 | 129.0 | 140.0 | 149.0 
21 Air pressure equivalent to submersion Ib. per in.2 gauge | 129.4 | 125.7 | 126.2 | 124.5 | 123.6 | 123.3 114.5 | 114.5 | 114.1 | 113.7 | 113.2 | 112.8 | 111.5 | 110.6 
22 | Compressor aircylinders .. oa oe we hs i.h.p. 30.0 | 33.6) 40.8 | 47.5 | 53.4 57.7 16.6 | 20.9] 25.2] 29.8 34.7 39.4 51.4) 61.6 
23 Energy contai in air on leaving air-injection foutpiece h.p. 16.9 19.6 24.6 28.1 30.7 34.1 10.5 13.1 15.2 18.6 21.6 24.3 31.0 36.1 
24 | Overall efficiency : 7°" 29 x 100 34.7| 36.6| 35.2| s2.3| 30.2] 28.9 || 34.6| 38.2| 37.7| 34.5| 34.4] 32.0] 27.2| 24.0 
25 Efficiency of eduction pipe: me BA x 100 61.6 62.9 58.4 54.6 52.5 49.0 54.6 60.8 62.3 55.5 55.4 52.3 45.3 41.0 

TABLE I—continued. 
SERIES C. SERIES D 

1 Date ie es . « |26/3/14/26/3/14/26/3/14/27/3/14/27/3/14| 27/3/14| 28/3/14 28/3/14 | 7/5/14 | 7/5/14 | 7/5/14 | 8/5/14| 8/5/14) 8/5/14) 9/5/14) 9/5/14 
2 No. of test - . 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 ~ 

3 No. of well tested wa 24 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 

4 Duration of test . min. 120 120 120 120 120 120 120 120 90 90 90 90 90 90 90 90 
rey “Litt when pumping ft. 255 256 260 265 266 267 268 270 295 297 302 312 314 314 315 319 
6 | Submersion “6 ft. 285 284 280 275 274 273 272 270 315 314 308 298 296 296 295 291 

7 | Ratio submersion 1.12} 1.10) 1.07} 1.04) 1.03} 1.02} 1.01) 1.00) — dm _ ia aap « oe fo 

8 Water raised per minute imp. gal. 75.9 | 138.0 | 155.0 | 178.0 | 203.0 | 224.0 | 252.0 | 276.0 | 163.0 | 198.0 | 216.0 | 247.0 | 260.0 | 278.0 | 303.0 | 306.0 

9 Water raised per minute 40 cub. ft. 12.2} 22.0| 24.8 28.5 32.4 35.8 | 40.3 | 44.1 26.0 | 31.6 | 34.5 39.5 41.6 | 44.4 48.5 49.0 
10 Equivalent work done .. ee oa 4 5.87) 10.7 12.2 14.3 16.3 18.1 20.5 22.6 14.5 17.7 19.7 | 23.3 | 24.7 26.4 | 28.9] 29.5 
ll Temperature of water pumped ae deg. F. 70 70 70 70 70 70 70 70 70 70 70 70 70 7 70 70 
2 Air compressor .. oe os - r.p.m. 19.0 | 30.5 35.2 | 40.7] 45.6 | 50.8 | 60.4 75.0 36.4 | 42.6) 47.1 54.3 61.1 69.1 77.8 | 86.1 
13 Volume efficiency of air comp ww, from cards, p.c.| 96.0 95.8 | 95.6 95.3 95.4 | 95.2 94.9 | 94.5 95.8 | 95.6 | 95.4 95.2 95.2 | 94.5 94.4 | 94.2 
14 Volume efficiency of air compressor, true value p.c.| 68.0 73.0 75.0 78.0 78.0 78.0 79.0 79.0 70.0 73.0 74.0 75.0 77.0 78.0 78.0 77.0 
15 Air in compressor suction Ihe ah deg. F.| 59.0] 66.5) 64.0] 52.0] 59.0] 64.0] 57.0] 63.0 66.0 | 74.0] 88.0 70.0 75.0 | 83.0 | 66.0| 73.0 
16 Air used at atm. press. a mp. of line 11 in. cub. 

ft.permin. .. “< ep - - --| 73.3 | 125.0 | 149.0 | 183.0 | 202.0 | 223.0 | 272.0 | 334.0 143.0 | 172.0 | 186.0 | 226.0 | 257.0 | 296.0 | 338.0 | 366.0 
17 Do per cubic foot of water pumped .. - oé 6.03 5.66) 5.98) 6.41 6.24) 6.23 | 6.74 7.56 5.48} 5.43 5.39} 5.73 6.18 6.65 6.96) 7.47 
18 Air pressure, barometric oe Ib. per in.2 abs. 14.4 14.4 14.4 | 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 
19 | Air pressure in air receiver . lb, per in.2 gauge 122.2 | 122.0 | 121.2 | 120.5 | 121.0 | 121.0 | 124.3 | 128.7 136.4 | 136.6 | 136.0 | 132.5 | 134.0 | 136.0 | 138.0 | 139.5 
20 Air pressure at well head .. Ib, per in.2 gauge | 122.0 | 122.0 | 120.0 | 118.0 | 118.0 | 118.0 | 120.5 | 124.0 134.0 | 134.0 | 132.0 | 130.0 | 130.0 | 131.0 | 132.0 | 134.0 
21 Air press. equiv. to submersion.. Ib. per in.2 gauge | 123.7 | 123.3 | 121.5 | 119.3 | 118.9 | 118.5 | 118.0 | 117.2 | 136.7 | 136.0 | 133.5 | 129.3 | 128.6 | 128.5 | 128.0 | 126.3 
22 Compressor air cylinder ai te i.h.p. 16.1 25.9 29.8 35.5 40.4 44.0 53.6 68.3 33.2 39.1 42.6 48.9 55.9 64.0 73.2 82.2 
23 Energy contained in air on leaving air-injection 
footpiece ~ an e% we o De 10.4 17.7 | 20.9) 25.5) 28.2] 31.1 37.9 | 46.4 21.1 25.2] 27.2 32.6 37.1 42.6 | 48.6] 52.4 

24 Overall efficiency ten x 100 36.5 41.2; 40.9| 40.3 40.4 41.2 | 38.4 33.1 43.7 | 45.3 46.2 47.6 | 44.1 41.3 | 39.5] 35.9 
25 Efficiency of eduction pipe ten x 100 56.5 | 60.3 58.4 56.0 57.9] 58.2] 54.1 48.8 68.9 | 70.4 72.4 71.4 66.5 | 62.1 59.5 | 56.4 


and the head be maintained within the limits tested by 
Professor Durley. In this meter the discharge will be | 
found by means of the formula :— 


i 
Q = 0.1632 0 @ A/p, 
in which— 
iis the difference of pressure on the two sides of 
the orifice, measured in inches of water. 
p is the average of the absolute pressures of the air | 
on the two sides of the orifice. 
From the foregoing formule, the volume of air is | 
found by the formula :— 


Ww 


| 
| 


ae 
53.17 ¢” 
in which— 
W is the weight in pounds per cubic foot. 
p is the absolute pressure in pounds per square foot. | 
t is the absolute temperature F. 


A third and similar of ing the volume 
of air is possible through the research of Professor William | 
Watson and Mr. Herbert Schofield, who determined the 
coefficient of orifices placed in the suction pipe of a) 
com pressor. * 
' Quantity of Water Raised.—The discharge pipes of the 
wells at Oilfields rise about 20 ft. above the ground, and | 
discharge over the rims of small tanks, against curved 
hoods which deflect the water downwards. The pipes | 
are bent to gradual curves, and the last few feet are | 
inclined about 70 deg. to the vertical. Permanent 
derricks of a light California oil-well pattern are built | 
over the wells, and were the discharge tanks erected | 
vertically over the wells, they would have to be removed 
each time the eduction pipes were pulled. From these 


thoad 








. Proceedings, I.Mech.E., 1912, page 517. 


|small tanks the water gravitates through 6-in. mains, 


| of like capacity. The iron tanks average 32 ft. 9 in. 


| time to allow all conditions to become constant, and 


laid along an overhead platform, to two 84,000-gallon 
corrugated, galvanised-iron tanks and one wooden tank 


in diameter, and 13 ft. 4in. indepth. The circumference 
of each ring of these tanks was carefully measured and 
checked, also the depth of the corrugations and the 
thickness of the plates. These measurements were taken 
when the tanks were full to the level, at which the 
measurements were being taken, and from these figures 
a table of capacities was prepared for each 4 in. of depth. 

Prior to each test, the well was pumped for sufficient 


the water meanwhile delivered into one tank. At the 
commencement of the test the water was diverted into 
another tank and switched back into the first again 
at the end of the test. All outlets from this measuring’ 
tank were closed and under observation at all times 
during the test. 

Such facilities for measuring the quantity of water 
are rarely available, but there are several alternatives, 
such as weirs or Venturi tubes, which give equally 
accurate results. Many tests record only the combined 

rformance of two or more wells; this is unfortunate 

oth from the owner’s point of view, and from that of 
engineers, as the information is too general; the extra 
cost of individual meters for each well would undoubtedly 
be — by showing some chance of improvement 
in the efficiency of one or more of the wells. 

One writer who has contributed the results of some 
very instructive tests, measured the quantity of water 
pumped in a reservoir, the size of which unfortunately 
would only permit of runs of 10 minutes’ duration. 
It is the author’s opinion that no test of an air-lift pump 
should be of less than 1 hour’s duration, and that it is 
better to run this length of time and measure the water 
with some form of calibrated meter, than to run shorter 
tests and measure the water in any other way. 














,. 

Indicated Horse-Power of Compressor Air Cylinders.— 
For this pu an external spring Tabor indicator, 
made by the Ashcroft Manufacturing Company, was 
used. This instrument had seen but little use, and 
was in perfect condition throughout. Great care was 
exercised throughout the tests to obtain true representa- 
tions of what was taking place inside the cylinders. 
The revolutions of the compressor were recorded by 
an Ashcroft counter, and were controlled by a steam 
throttle governor, which was operated by the variation 
of both the speed of the engine and the pressure of the 
air in the receiver. 

Nature of the Discharge from the Wells.—These 
observations were taken by two observers for three 
periods of 5 minutes each during each test. Where 
the discharge was 50 per cent. or more of the total cycle 
the intervals were remarkably constant. The value 
here given are averages of times observed with an 
ordinary watch :— 


Series A.—These observations were recorded in the 
paper presented to the Institution of Civil Engineers, 
and are therefore not repeated. 


Series B.— 


Test 1. Periods of discharge of 35 seconds’ duration 
at intervals of 1 minute and 12 seconds. 

Test 2. Periods of discharge of 43 seconds’ dura- 
tion, followed by a pause of 5 seconds, then a 
discha: of perhaps 10 gallons, followed by a 
pause of 33 seconds before the cycle recommenced. 

Test 3. A steady flow of emulsion ending in two 
short and violent ejections, the whole lasting 
33 seconds. After a pause of 5 seconds, there 
would be a discharge of 10 gallons to 20 gallons, 
followed by a pause of 28 seconds before the cycle 
recommenced. 
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TABLE Il.—Averace Vetocrry or Ristne Mixture IN Feet per SEconpD. 












































No. of test 1. 2. 3. 4. 5. 6. 7. 8. 
SERIES A. 
At foot-piece 6.5 7.5 9.0 9.7 10.5 11.2 == — 
., top of 4 in. Sa 19.5 23.0 28.4 31.8 34.8 38.2 —_ _ 
,, bottom of 44 in. 15.9 18.7 23.0 25.9 28.3 31.0 —- — 
., top of 4} in. Pe 19.1 22.5 27.8 31.4 34.4 37.7 — — 
., bottom of 5,', in. 15.0 17.7 21.9 24.7 27.0 29.7 — — 
., top of 5y, in. .. 17.0 20.0 24.7 27.9 30.5 33.6 a - 
Average throughout 14.1 16.5 20.3 22.6 24.8 27.1 — — 
SERIES B. 
At foot-piece 3.7 4.9 5.8 6.6 7.6 8.3 9.9 11.0 
, top of 4 in. a 12.1 15.5 18.1 21.6 25.1 28.1 35.1 40.4 
,, bottom of 44 in. 9.9 12.6 14.7 17.6 20.4 22.9 28.5 32.9 
, top of 4} in. er 12.0 15.2 17.8 21.4 24.8 27.8 34.8 40.2 
., bottom of 5,', in. 9.4 12.0 14.0 16.8 19.5 21.8 27.4 31.6 
., topof 5y,in.  .. 10.6 13.5 15.8 19.0 22.0 24.7 31.0 35.9 
Average throughout 8.7 11.1 13.0 15.4 17.9 20.0 24.8 28.3 
SERIEs C. 
At foot piece 3.8 6.7 7.3 9.2 10.4 11.5 13.4 15.4 
,, top of 4in 5.2 9.2 10.7 12.8 14.3 15.9 18.7 22.0 
;, bottom of 4} in 4.2 7.5 8.7 10.4 11.6 12.9 15.2 17.9 
, top of 44 in. rm 6.2 10.7 12.6 15.1 16.9 18.7 22.3 26.5 
,, bottom of 5,', in. 4.9 8.4 9.9 11.9 13.3 14.7 17.5 20.9 
,, topof 5y,in. . 6.2 10.9 12.8 15.4 17.2 19.0 22.8 27.3 
,, bottom of 6 in. .. 4.3 7.5 8.9 10.7 11.9 13.2 15.8 18.9 
,, top of 6 in. vie 5.7 9.8 11.6 14.0 15.6 17.3 20.8 26.1 
., bottom of 6% in. 5.3 9.2 10.8 13.1 14.6 16.1 19.4 23.4 
., top of 63 in. oe 6.8 11.6 13.8 16.7 18.6 20.5 24.8 30.0 
Average throughout 5.3 9.3 10.8 13.1 14.6 16.2 19.3 23,1 
SERIES D. 
At foot-piece oa 7.6 9.2 10.1 11.9 12.9 14.2 15.8 16.5 
»» top of 4 in. on 11.5 138.9 15.2 18.1 20.0 22.3 25.0 26.6 
,, bottom of 5,4 in. 7.4 8.9 9.7 11.6 12.8 14.3 16.0 170 
. topof5,in.  .. 11.7 14.1 15.3 18.4 20.5 23.1 26.1 28.0 
,, bottom of 6§ in. 7.6 9.1 9.9 11.9 13.3 15.0 16.9 18.1 
», top of 68 in. ae 13.4 16.1 17.5 21.1 23.7 27.0 30.7 33.0 
Average throughout 10.1 12.1 13.2 15.8 17.6 19.8 22.4 4.0 
TABLE I11.—Enerey Barances or Tests 1n Series D, 
No. of test .. | 1. | 2. | 3. | 4. | 5. 6. | Ve | 8. 
Energy balance .. ; | Per Per Per Per Per Per Per Per 
H.P.| cent.| H.P.| cent.) H.P. | cent. | H.P.| cent.) H.P.| cent.) H.P.| cent.| H.P.| cent.) H.P.) cent. 
Lost in compression and 
after-cooling of air -|12.19)36.7 |18.84/35.4 |15.19 | 35.7 |15.93/32.60)18.20/32.6 |20.48)32.0 |23.20/31.7 |27.80/33.8 
Lost in transmission from 
receiver to wellhead ..| — — | 0.10) 0.2 0.31) 0.7 | 0.24) 0.5 | 0.48) 0.9 | 0.65) 1.0 | 0.80) 1.1.) 0.82) 1.0 
Lost in transmission from 
well head and through 
foot-piece ee --| — — | 0.10) 0.2 |+0.10)/+0.2 | 0.10) 0.3 | 0.16) 0.3 | 0.30) 0.5 | 0.65) 0.9 | 1.20) 1.4 
Lost in kinetic energy of 
discharge. . o« --| 0.14) 0.4 | 0.24) 0.6 0.30) 0.7 | 0.52) 1.0 | 0.69) 1.3 | 0.99) 1.5 | 1.34) 1.8 | 1.60) 2.0 
Energy equivalent to water 
raised pe os .|14.50)43.7 |17.72/45.3 | 19.70) 46.2 |23.30/47.6 |24.65/44.1 |26.40/41.3 |28.90/39.5 |29.50/35.9 
Energy lost in friction ..| 0.81] 2.4 | 1.50) 3.8 |, 1.90) 4.5 | 2.95) 6.0 | 3.66) 6.5 | 4.68) 7.3 | 6.33) 8.6 | 6.90) 8.4 
Knergy lost in slip & entry) 5.60)16.8 | 5.74/14.7 5.30) 12.4 | 5.87/12.0 | 8.05)14.3 |10.48)16.4 |11.98)16.4 |14.40/17.5 




















Test 4. Periods of discharge of 33 seconds’ duration | information, such as the submersion, is given in different 
at intervals of 23 seconds. During the interval | wa 


there would be one fairly strong spurt lasting | 
1 second. 
Test 5. Periods of discharge of 1 second at half- | 
second intervals. 
Tests 6, 7 and 8. Discharge similar to that of Test 5, 
but at higher velocities. 


In all cases the discharge consisted of an emulsion of 
air and water, and not of alternate volumes of air and 
water, as Dr. Pohle claimed for his system. 


Series C.— 


Test 1. Periods of discharge of 42 seconds’ duration 
at intervals of 2 minutes and 7 seconds. 

Test 2. Periods of discharge of 36 seconds’ duration 
at intervals of 50 seconds. 

Test 3. Periods of disch: of 41 seconds’ duration | 
at intervals of 26 seconds. 

Test 4. Periods of discharge of 2 seconds to 4 
seconds’ duration at intervals of 2 seconds to | 
5 seconds. Very irregular. | 

Test 5. Very similar to that of Test 4. 

Test 6. Similar to Tests 4 and 5, but the intervals | 
did not exceed half a second. 

Tests 7 and 8. Very similar to Test 6. 


} 


Series D.— 


Test 1. Periods of discharge of 40 seconds’ duration | 
at intervals of 52seconds. During these intervals, | 
however, there were five discharges of 1 gallon | 
to 10 gallons each. 

Test 2. Periods of discharge of 5 seconds’ duration | 
at intervals of 5 seconds. 

Test 3. Periods of discharge from 5 seconds’ to 10 | 
seconds’ duration at intervals of 5 seconds. 

Test 4. Periods of discharge of short duration, one | 
beginning before the previous one had quite | 
subsided. The velocity of disc did not | 
appear to be as high as in Tests 2 and 3. | 

Test 5. Similar in nature to that during Test 4, but | 
at higher velocity. 

Tests 6, 7 and 8. Practically continuous discharge of | 
emulsion of small air bubbles and water. 


Method of Recording Observations.—The comparison | 
and analysis of published tests will be greatly simplified, | 
if some standard form can be adopted. Most of the | 
published tests lack certain important items, and other | 





| every part of the plant down to the fuel consumption 






































, so that their analysis requires considerable work. 
he author has adopted what he believes to be the 
most convenient form, and one which includes all details 
necessary to examine the behaviour of the pump itself. 
The observations might, of course, be extended to include 


but such details can be foretold with fair accuracy by 
the manufacturers of the compressor. Since efficiencies 
of 80 per cent. seem possible with the air-lift pump in the 
near future, as shown later, it would not seem inopportune 
for some authoritative body to outline a method of 
making and recording tests of the air-lift pump, and its 
reverse, the entanglement type of hydraulic air com- 
pressor. 


PROBABLE ACCURACY OF THE TESTS AT OILFIELDS. 


Lift.—This was measured within 1 ft., equivalent to 
0.4 per cent., and did not vary more than 1.5 ft. during 
any one test. 

Quantity of Water Pumped.—The depth in the 
measuring tank was recorded by three independent 
readings to the nearest } in., which is equivalent to :— 


8.7 cub. ft. in 2,652 or 0.33 per cent. in Test 1 
of Series A. 

8.7 cub. ft. in 1,284 or 0.68 per cent. in Test 1 
of Series B. 

8.7 cub. ft. in 1,458 or 0.60 per cent. in Test 1 
of Series C. 

8.7 cub. ft. in 2,340 or 0.37 per cent. in Test 1 
of Series D. 


Revolutions of the Air Compressor.—The probable 
maximum error would be 5 in 7,750 in Test 8 of Series D. 
Volumetric Efficiency of Compressor.—The probable 
error in measuring the volume of air flowing through the 
orifice during the tests of Series D is not more than 
2 per cent., as the pressures and temperatures were all 
recorded within this margin. The values assumed for 
the tests of Series A, B and C, were based on the experi- 
ments made in April and May, 1914, taking into con- 
sideration the following :-— 
1. The speeds of the compressor. 
2. The known condition of the air valves and guides. 
3. The volumetric efficiency shown on the indicator 
cards. 
4. The temperature of the air in the compressor 
suction pipe. : 
5. The a condition of the scale in the cooling 





Taste IV.—Details of Eduction Pipes used in Series 
A, B, C and D of Tests. 

Series A and B.—Air-injection ioot 

shown in 5 (page 561), and in Series 


om. In Series A as 
as shown in Fig. 14. 





pipe, cc ng from the bottom :— 7m 
4J,-in. diameter pipe .. 356 
4y,-in. ” 109 
5-in. 82 


” ” 


The oe from one size of pipe to another was made by 


nipples 1 ft. long bored to a uniform taper. 
Air pipe was standard 1}-in. lap-weld pipe. This eduction 
pipe was in constant use after being installed in December 1911. 


Series C.—Alir-injection foot-piece as shown in Fig. 2, the :— 


Ft. 
4,,-in. internal diameter pi 62 
4y,-in. ” os ” 101 
5-in. oe 9 ie 95 
6-in. ean . > 131 
6}-in. ” ” ” . 151 


The air pipe was standard 1}-in. lap-weld pipe. At the time 
of the tests, the eduction and air had been in constant use 
since June 18, 1913, and were badly encrusted internally. 

Series D.—Air-injection foot-piece as shown in Fig. 3. Eduction 
pipe, commencing from the bottom :— 


Ft. 
47,-in. internal diameter pipe 97 
5-in. ” ” ” 166 
6}-in. 9 oe a oe 347 


The change from one size to another was 
18 in. long bored a uniform ta; 
Air pipe. The lower 249 
upper Ley 14 in. 

At the time of the tests the eduction-pipe had been in use since 
May 1, 1914. 


made through nipples 
r. . 
re. was 2 in. standard pipe, and 





cooling water was supplied by a piston pump driven 
direct from the compressor crankshaft, in all cases. 

It is difficult, therefore, to form a definite opinion of 
the probable accuracy of these latter values. 

Indi Horse-Power.—The maximum difference 
between the highest and the lowest “mean effective 
pressure ” recorded during any one test, for the same end 
of a cylinder was 1.3 per cent. for the low-pressure 
cylinder, and 1.8 per cent. for the high-pressure. Con- 
sidering the attention paid to details in the use of the 
indicator and the low speed of the compressor, the 
—— accuracy of the values given for the indicated 
orse-power is within 1 per cent. 


(To be continued.) 





Tue Japanese Surpsultpine Inpustry.—We read 
in The Marine Journal, New York, that the modern 
shipbuilding industry in Japan dates from 1854, when 
a Russian vessel was wrecked on the Japanese coast. 
In 1860, the Nagasaki Dock was completed, and in 1866 
the first steamship built in Japan was launched. By 
1879, there were 13,000 tons of s ipping under the Japa- 
nese flag, comprising seven vessels. Fifteen years later, 
in 1894, the number of Japanese ships was 400, with an 
gate tonnage of 167,000 tons. The most recent 
statistics show that there are 68 Japanese shipowners 
who own tonnage of over 2,500 tons, and their 589 vessels 
aggregate 1,634,000 tons in round numbers. 


Tue Roya. InstirvTrion Curistmas Lecrures.— 
Professor J. A. Fleming, D.Sc., F.R.S., will deliver 
a Christmas course of six illustrated lectures (adapted to 
a juvenile auditory) on “ Our Useful Servants: Mag- 
netism and Electricity.” “ Magnets and the — 
Compass,” Lynne December 27, 1917, at 3 o’clock 
“Electricity and Electric Currents,’’ Saturday, Decem 
ber 29; “ The Electric Current as a Heater and Chemist,”’ 
Tuesday, January 1, 1918; “ Electricity as an Illu- 
minator and Doctor,’’ Thursday, January 3; “ Electric 
Dynamos, Motors, Transformers and Railways,”’ Satur- 
day, Jauuary 5; “ Electric Telegraphs and Telephones,” 
Tuesday, January 8. Subscriptions (for non-members) 
to this course, one guinea (juveniles under 16, half-a- 
guinea); to all the courses in the session, two guineas. 
Tickets may now be obtained at the office of the 
Institution. 





Exrectric Arc Wewtpine.—The welded fastening, 
reports The Railway Mechanical Engineer, has always 
been looked upon as a stronger joint than the riveted 
or bolted fastening. As a general proposition, the 
riveted joint or bolted joint has a tensile strength 
which is considerably less than the tensile strength of 
the original piece, while the welded joint is as strong 
as the origina! section. There are two kinds of electric 
arc welding, known as carbon electrode welding and 
metal electrode welding. In the former, an arc is drawn 
between a carbon electrode, the piece to be welded and 
the metal to be added, fed into the arc in the form of a 
“ melt-box.” This method is not used extensively in 
railway work, due to the fact that welding may only be 
done in the horizontal plane in this manner, and that 
the work is in general inferior to that which is ible 
with the metal electrode process. The metal electrode 
process uses, as the name implies, a metal electrode, 
the arc being drawn between the electrode and the piece 
being welded. The heat of the arc melts the metal of 
the piece and the metal of the electrode simultaneously. 
As the metal of the electrode melts it is drawn across the 
arc and a complete and homogeneous union is formed 
with the molten metal of the piece. With the e ion 
of work with certain electrodes (manganese steel slag 
covered electrodes), the electrode is always made the 
cathode or negative, i.e., the current flows from the piece 
being welded to the metal electrode. The voltage re- 





jackets, and the quantity of cooling water supplied. The 





tag 
u.red for metal electrode welding is about 20 volts, and 
direct current is necessary. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOT OF 1907. 


The number of views in the Specification Drawings is stated 
Ayn yh wae cone te eomiete the Specification is not 
ated. 


Ulustr ated. 
Where inventions are communicated from abroad, the Names, £c., 
of the Communicators are given in italics. 
C v7) i may be obtained at the Patent Office, Sales 
anch, 25, Southampton Buildings, C. , W.C., at 
0; 


the 
The date o; of the acceptance of a Complete 
4 is, in each case, given a the abstract, unless the 
atent has been sealed, when the “ Sealed” is , 
4 gassen ae, of any Sikes within Sap mente fom Ce date of 
"Es advertionnent of nce of a Complete ‘ion, 
YL Ah. atent Office of ‘ion to the grant of a 
atent on any grounds mentioned in Ad. 


GUNS AND EXPLOSIVES. 


101,716. D. F. Asbury, Washington, D.C., U.S.A. 
Breech Mechanism. (4 Figs.) October 4, 1915.—This 
invention relates to power-operated breech mechanism of the 
kind having a brake device comprising a reciprocatory element 
which moves constantly with the breech-actuating motor to 
control the movements of the breech mechanism. According 
to the present invention, the breech-actuating motor comprises 
a reciprocatory element which is rigidly connected to and moves 
with the reciprocatory element of the brake device during its 
entire stroke. The said motor is constituted by a piston 46 and 
a cylinder 33, and the brake device may also comprise a piston 51 
and a cylinder 34 arranged within the motor cylinder 33, the 
brake p being connected to the motor piston so that they 
move together dur § the whole of the stroke of the motor piston 
in both directions. The piston rod of the brake passes through 
a gland or packing 53 at one end of the brake cylinder 34, and 
means are provided for preventing this packing from being 


(101,718) 


subjected to the braking pressure of the fluid in the brake cylinder* 
For this purpose, the brake cylinder may be provided with an 
internal flange 56, and the brake piston and piston rod may be 
formed with a by-pass 54, which is adapted to establish com- 
munication between the portions of the cylinder at each side 
of the said flange at a certain period during the movement of the 

iston towards the packing, so that the portion of the cylinder 

tween the flange and the packing is placed in communication 
with the low-pressure side of the re. The motor cylinder 
may have connected thereto a liquid-brake reservoir, which may 
be provided with a trap device in communication with the 
interior of the reservoir and with the atmosphere, this trap device 
not only ensuring that the liquid in the reservoir will’ ebweirs 
be at atmospheric pressure, but also paas leakage there- 
through of the liquid during the recoil and run-out movements 
of the gun. (Sealed.) 


HYDRAULIC MACHINERY. 


108,835. Dayy Brothers, Limited, and T. W. Hand 
Sheffield, Yorkshire. Steam Hydraulic Intensifiers 
(4 Figs.) May 10, 1917.—This invention relates to steam 
hydraulic intensifiers such as are used, for e le, in tion 
with hydraulic forging presses, shears and the like, and wherein 
the steam cylinder is mounted above, and in vertical axial align- 
ment with, the hydraulic cylinder and ram. The steam cylinder 11 
of the intensifier is mounted upon a stool 12, which rests upon 
the foundation 18, the bottom cover 14 of the steam cylinder 





being integral with the stool, which latter is a” single cating 
having formed in one with it the for the su: an 
exhaust of steam to and from the cylinder 11. The 
member of the hydraulic portion of the intensifier is the hydraulic 
with a csatral bearing 17 through whlch the heaeanitc aptivace ta 
acen which the hydraulic der 18 
is passed from beneath, and st the lower end of which 
— abuts an external sh er formed on the cylinder 18 
towards its open lower end; whilst a nut 20 screwing on a 





threaded portion of the cylinder 18 engages the upper end of 

the bearing 17 so as to sustain the weight of the cylinder. The | 
cylinder 18 extends upwards, above the nut 20, to near the 

bottom cover 14 of the steam cylinder, but without coming in 

contact with the latter, or with any part of the stool; and as the | 
side walls of the stool 12 are apertured, as at 21, to permit free 
circulation of air through the space within the stool, very little | 
heat is able to reach the cylinder 18 by conduction through the | 
stool from the steam cylinder11. Beneath the level of the external | 
shoulder, the bore of the hydraulic cylinder has an enlargement 
23, from which extends laterally a 24 leading to the 
hydraulic main-pressure pipe. Below the enlargement 23, 
the cylinder 18 is provided with a hydraulic stuffing-box giving 
passage to the ram 27. The steam piston 28 (which is shown 

as occupying its lowest position) is led to a crosshead 29 

on the lower end of the hydraulic ram 27, by means of a pair of 

side rods, which pass through stuffing-boxes in the bottom | 
cover 14 of the steam cylinder 11, and extend on opposite sides | 
of, and parallel to, the common vertical axis of the cylinders 11 | 
and 18, these stuffing-boxes being preferably provided with steam 
packing of the floating metallic type (not shown) adapted to 
yield to lateral strains due to any slight deviation from parallelism 
between the respective rods. The rods are also guided by 
passing through renewable bushes held in sockets provided in 
the base 16 of the stool 12 alo: ide of the bearing 17, so that 
any shake which may tend to arise in these relatively long and 
slender rods (particularly when put suddenly under longitudinal 
stress) may be prevented as far as possible from affecting the 
various packings. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


108,822. F. L. Rapson, Liverpool, Lancashire. Lifting 
Jacks. (6 Figs.) March 22, 1917.—This invention relates to 
lifting jacks for use on motor road vehicles. The invention 
consists in providing adjacent to the front and rear axles, or other 
convenient parts of the chassis, one or more rs of pivoted 
or scissors-like levers ¢, the upper ends of which are adapted to 
be moved closer together or further apart by rotatably mounted 








‘ue: 














(108,822) 


right and left-handed screw-threaded rods ¢ driven from the 
engine or by other suitable means, such as a hand wheel, so 
that the lower ends of the said levers will engage the ground 
and raise the vehicle when the upper end of the levers are moved 
in one direction, or the lower ends of the levers will be drawn up 
and out of action when their upper ends are moved in the opposite 
direction. (Sealed.) 


MOTOR ROAD VEHICLES. 
108 ,700. N. T. Downs, Moseley, Birmingham, and 





A. H. Tonks, Sparkhill, Birmingham. Shock-Absorbing 
Springs. (3 Figs.) August 11, 1916.—The invention has | 
reference to shock-absorbing springs of the type wherein a | 
coiled shock-absorbing compression member is associated with | 
a coiled extension member that functions as a check or rebound | 
spring and is located within the axis of the compression member, | 
one of its extremities being fixed to the corresponding abutment 
of the pressi bers, whilst the other extremity is | 
anchored to the other abutment by an adjusting screw. Accord- 
ing to this invention, the inner coil has a bearing against, and is | 
usted by, a screwed or wormed sleeve carried by one of the | 
abutments of the outer coil, the said inner coil being clamped | 
or anchored to the sleeve by a second screw, and after the adjust- | 
ment or regulation of the inner coil, the regulating sleeve can be | 





secured or locked in its adjusted position. The outer coiled 
member b of the compound spring is interposed, in compression, 
between a lower fixed abutment ¢ on the main part of the motor- 
cycle frame and another and relatively movable abutment d that 
is connected, by a system of levers, with the parts of the frame 
wherein the rear road-wheel is mounted, whilst the other 
extensible spring member e js located axially within the com- 
pression member, and whilst its upper end may be directly 
anchored to the abutment d, its lower connection is made —_ 
the medi ofa d adjusting sleeve f, so that it is ca; le 
of being raised or lowered at will for varying the normal di ce 
between the top of the said sleeve and the movable abutment, and 
consequently regulating the normal compression on the inner 
spring. A lock nut is provided, on the lower end of the adjusting 

ve f, for locking the latter in its adjusted relationship to the 
fixed abutment. (Accepted August 29, 1917.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


108,517. A. H. Anthony, Colchester, Essex. Float- 
Controlled Feed Regulators. (2 Figs.) A 7, 1916.— 
This invention relates to boiler-feed float apparatus of the kind 
in which a float, buoyed up by water and exposed to the steam 








at boiler pressure in a vessel, is arranged to operate or control 
some device automatically by variation of the level of the liquid 


in the vessel, which said device determines the feed to the boiler. 
Acco g to the present invention, in float apparatus of the 
kind defined, an open and partly balanced unsubme: float 
is combined with means to condense some steam from the boiler 
and automatically deliver it as water continuously or with 


regularity into the open and unsubmerged mouth of the float. 


A vessel A is provided to constitute the float chamber and 
contains a float B suspended upon a lever C. The float consists 
of an open bucket. At the other end of the lever is a balance- 
weight E and an arm F connects the lever to a valve which 
serves to control the feed to the boiler, the connections being such 
that when the float end of the lever is depressed feed water is 
admitted to the boiler, and when that end the feed is cut off. 
The bucket B is suspended from the lever C, so that its mouth 


automatically remains horizontal. Above the bucket is a 
condenser G secured in the roof of the chamber A, the condenser 
being in the form of a domed vessel, whose mouth is downwardly 
directed and is so placed that the condensed steam drips from 
the condenser into the bucket. The bucket, the proportions 
of the pivoted lever, and the counterbalance, are so chosen 
that the bucket, when full of water, is balanced by its counter- 
weight when it is about half immersed. It is normally kept full 
by the drip of condensed steam from the condenser, but in a 
heavy sea-way the bucket will spill some of its liquid content, 
and will therefore be balanced by the counter-weight when it is 
less immersed than normally, and will thus keep the level of water 
in the boiler slightly lower than ordinarily. The counter- 
weight is preferably not immersed. (Sealed.) 


108,690. The Hon. Sir C. A. Parsons and S. 8S. Cook, 
Wallisend-on-Tyne, Northumberland. Steam Super- 
heaters. (9 Figs.) May 13, 1916.—The invention relates to 
steam superheaters. The object of the invention is to prevent 
excessive heating of the superheater tubes, when the ordinary 
consumption of m is reduced or ceases, by regulating or closing 
down the regulating valves in the steam supply pipes. T 
invention consists in means for preventing overheating in super- 
heaters, comprising an additional relief valve at the exit ani of 
the steam space of the superheater, such additional relief valve 
being arranged to blow-off at a lower pressiire than the relief 
valves on the boilers which supply steam to the superheater. 
The boiler a is of the ordinary Scotch type, and the superheater b 
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(108 690) 


is fitted in the uptake c. The steam leaves the boiler a4 and 
through the pipe d to the superheater 5, whence it passes 
hrough the safety valve ¢ and stop valve f to the The 
superheater safety valve e is provided in addition to the ordinary 
ler m+ ae Ah g. In such an tk the valve ¢ would 
preferably be set to blow-off at a slightly lower pressure than the 
valve g. By retaining the ordinary boiler safety valve g it is 
permissible to fit the valves /, m, m, as shown in 1, by means 
of which the superheater can be shut off and the steam 
direct from the boilers to the engines. In such case any 
baffling devices may be provided, adapted to be brought into 
position to protect the superheater tubes wherf these are not in 
action. (Sealed.) 





